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JOSEPH LEIDY. M. D., LL.D. 

By PRRSIFOR Fkazkr, Philadelphia. 

There is no more striking difference between tlic pswt and present 
generations of scientific men than the universiility of tlie knowl- 
edge of the greatest men of the past and the absence of any pre- 
tension to it in our present representatives. It could not l)e other- 
wise. In classic times as well as in the middle ages the distinc- 
tion lictween words and things was not always clearly made. The 
same class of mind which would successfully gnipple with the 
paradoxes of the schoolmen was efpially serviceable in speculations 
on the philosopher's stone, the existence of phlogiston, or the inter- 
pretation of a Greek text. Words were all iraiK)rtant, the methods 
of logic were conventional, and no extraordinary memorj' was re- 
((uired to master at least in outline all that man had attainexi; 
while the discussion of this knowledge could always l>e turne<i into 
the channel of the then philosophy, after which the battle was en- 
tirely with words and a skillful word-fencer could never be silenced 
however little progress he made in convincing his opponent. 

With the closing half of the last century, however, methods 
were improved, the number of facts increased in geometrical pro- 
gression with the years, and out of chaos and clamor, orderly 
classification and definite shapes were evoloved, each one riH|uir- 
ing a different interpretation, claiming different classes of men, 
and refiuiring different instruments of precision. As the paths of 
research diverged it became more and more difficult for any one 
man to understand all the regions through which they passed, and 
one by one the philosophers became specialists. In the early 
part of this century the enoimous development of natural and ex- 
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perimeiitul science' Caused the strain ever to increase on those who 

would keep abrcant of all departments of research, but still there 
* * " • 

remained tlie-l?u'ml)oldts. the Herschels, the Faradays, the Reg- 
naultJi, and jfi this country the Baches, the Lecontes, the Leidys 
and soMie others. Joseph Leidy was almost the sole survivor of 
thill. jHh^s of intellectual giants which seemed to be Able to assimi- 
-'JatfrUs much as Science in her many forms could produce. Such 

. \ ;-;i'race could not exist forever and it has piissed away with him. 

• • • * 

•/••/• • After him there are only specialists in one or more subjects, and 
•-. ' generalizers who seldom come nearer to the truths of nature than 
their description in a ]K)ok 

The father of Joseph Leidy, Philip, was lM)rn in Montgomery 
county (one of those adjacent to the county which is the city of 
l*hiladelphia), December 5th, 1791 and moving in his youth to 
l*hiladelphia successfully pursued the l>usiness of a hatter. 

By Catherine Melick he had four children of whom the subject 
of this sketch was next to the youngest. Through the death of 
his moth(?r and the marriage of her sister by his father during his 
early infancy, Joseph only knew this kind stepmother who was 
as watchful of him as his real mother could have been. He was 
educated at private schools and early evinced interest in natural 
objects and exhibittnl that talent for drawing of which he made 
such admirable use to the last periotl of his life. An acci- 
dental op|)oi'tunity to visit a drug shop, was taken advantage of 
. by him to perfect himself in pharmacy in a very short time, while 
the dissection of some domestic animals turned his attention to a 
study which he was destined to link closely with his name. He be- 
gan the study of medicine in 1842, in the University of Pennsyl- 
vania at 19, and in 1844, received the degree of M. D. , and in 
1845 was appointed Prosector to the chair of Anatomy, under 
Prof. Horner. In 1848 he went to England, France and Germany 
with Dr. Horner, and again in 1850 with Dr. George B.Wood. 

He had been elected a member of the Boston Society of Nat' 
ural History, and the Academy of Natural Sciences in Philadel- 
phia in 1845, and of the American Philosophical Society in 1849 
In 1852 he was appointed in Dr. Horner's place professor of an- 
atomy having been elected to the College of Physicians the year 
previous. On the outbreak of the civil war he was appointed 
surgeon of the Satterlee hospital in Philadelphia. In 1864 he 
married Anna Harden. Daring the succeeding years, thickly 
strewn with contributions to science of the highest value, he re- 
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ceivcnl many lienors from American and European scientific so 
cieties. The long list of them will be found in the careful and 
admirable memoir of Dr. H. C. Chapman in the Proceedings of 
the Academy of Natural Sciences for June 30, 1891, to which I 
am indebt(Ml for the statistical information as to his early life 
given alx)ve. 

Among these honors, however, his unanimous and enthusiastic 
election as President of the Academy of Natural Sciences in 1881 ; 
his installation as Director of the Biological department of the 
University of Pennsylvania in 1884; his election as President of 
the Wagner Free Institute of Science; and the degree of LL. D. , 
which he received from Harvard in 1886; the gift of the Walker 
priz(» of $500 from the Boston Society of Natural History raised 
to s^ 1,000 as a special recognition of his great services to science; 
the prize of the Royal Microscopical Society in 1870; the Lyell 
medal by the Royal (reological Society in 1884; and the Cuvier 
meilal from the Academy of Sciences in Paris in 1888 should not 
be forgotten. 

Dr. Leidy was eUn^ted a member of the National Academy of 
Science in 1 884. 

The })are enumeration of his published works extensive in 
length and in variety though it be, would give those who had 
never seen this great naturalist no idea of the man or of the 
source of this combination of versatilit}' and accuracy which ren- 
dered almost ever}' observation he made directly or indirectly an 
addition to science. In all that pertained to the acquisition of 
facts and to coiirdinating them afterwards he made of himself a 
perfect machine in so far lus he was insensible to and unaffected 
by the ordinary passions of ambition or rivalry which influence 
even the best scientists. He had a marvellous eye for noting 
the minutest phenomena and appreciating the most insensible dif- 
ferences; he had an unusually retentive memory for reconling 
and keeping in order the vast fund of his observations and the 
reconls of those made by others; and he was conscious of the 

ft 7 

limitations of pure inductive philosophy to an extent which made 
the conclusions reached by him safe. It is usually said that he 
never made an enemy. This seems to be too much to say, for ene- 

•• ft. 

mies are made by the very fact of superiority, and no doubt this 
great man had them, but if so they were prudent enough to refrain 
from declaring themselves. He would never quarrel, and his de- 
sire for peace at all hazards would have subiected a less earnest 
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and pure miiideil man to the charge of lack of tenacity, but those 
whose cause lie refused to espouse although he thought it just, gave 
him credit for a higher motive for his action. As an instance of 
the extreme delicacy of his vision, by a single glance through a 
glass case in one of the great University museums of this country 
he detected as imitations a number of specimens of so-called quartz 
which had been purchjiseil, examined, and mounted by the pro- 
fessor of mineralogy jis genuine. When these specimens were 
removed from the csise and carefully tested it was found that those 
and onl}' those which he had indicated were artificial. 

He h:is told us of the prosecution of his study of RhizoiKxls 
when he expected an Ama»ba-like mass to break into two, or an 
enveloped diatom to be extruded, and the patience and endurance 
required to keep the eye at the instrument for hours waiting for a 
change that would occupy but a few seconds. He would wait and 
would see the phenomenon while a student with much more time 
at his disposal would have grown tired and missed it. 

In the BniziRan department of the Centennial Exposition were 
man}* valuable tourmalines, diamonds, topazes and beryls together 
with a large amount of nearly worthless material. This was put 
into the hands of the writer for determination and arrangement. 
He well remembers the glance of Dr. Leidy at a large mass labeled 
beryl and his suggestion that it be more closely examineil to de- 
termine if it were not a white topaz. The size of the specimen as 
well as its color had deceived the American geologist who had 
shipped it from Brazil, and the writer. But subsequent investigation 
proved it to be in fact a white topaz and the largest then known. 

Dr. Leidy was a rare example of a simplicity of character 
which neither adulation nor adversity could tarnish. 

In his very early life a less sincerely devoted student of science 
would have had his head turned by his rapid promotion, by the 
unusual confidence and liking of his superiors, and most of all by 
the extraordinarily flattering attention of the social world, but he- 
was not spoiled. He probably noted his sensations on those oc- 
casions as so man}' psychological ex|>eriences. 

Scientific men in all countries, very generally despise conven- 
tionalisms of dress, conversation, and carriage and there is a cer- 
tain external resemblance between them all. Dr. Leidy was one of 
the best American representatives of the scientific class in all these 
respects. A splendid head with kind expression, set upon broad 
stooping shoulders, a deep chest to which an arm generally pressed 
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books or papei's while the other hung free at the side; a 
straight toed walk with a sailor's swing from one side to the other 
at each of his long and easy strides; these things made him 
noticeable an}'w^here. People who knew him but slightl}' would 
go out of their way to wish him good morning, and would feel a 
touch of satisfaction at receiving his always hearty response. There 
is a beautiful consen-atory in Philadelphia, on Chestnut street, 
near Twelfth, where he often stopped to admire the ex(|uisite flowers 
which the generous owners expose to the delectation of their fellow 
citizens. The lucky acquaintance who joined him at such times 
was tn»ated to an exposition of the peculiarities and ]>eauties of 
the various flowers which ran as smoothl}' and unconsciousl}^ from 
him as if he were simplj' discussing the weather, but which opened 
new vistas of admiration, l)oth of him and of the works of nature 
in his listener. 

For years he was accustomed to pass a part of every Sunday in 
the mineral cabinet of the late Richard L. Yaux and after Mr. 
Vaux's death in that of Mr. Clarence Bement. Many were theun. 
sound determinations set right and many the fruitful discussions 
over minerals and everything else. 

Like the true naturalist that he was, he bequeathed his bod}- to 
his colleagues in the interest of amthropometric science, his friends 
and pupils Dr. Harrison Allen and Dr. Francis X. Dercum having 
extracted, weighed, measured and preserved that wonderful brain. 
HiH remains were cremated, and thus passed from earthly form 
one of the loveliest, wisest, and gentlest of men. May his exam- 
ple Ikj of service to us all. 

Note: — Since writing the above I am indebted to the nephew of the 
subject of this sketch, himself an eminent physician, for the following 
additional facts: 

* * "The weight of the brain was 45}^ oz., somewhat smaller than 
normal, and the appearance of the surface presented an unusual increase 
in the convolutions. No microscopic examination has as yet been made. 
The points of pathological interest were the presence of a hemorrhagic 
pachymeningitis on the right side and an unusual hardness of the blood 
vessels at the base due chiefly to atheroma. By a singular coincidence 
the brain of my father (Dr. Philip Leidy who died within a few hours 
of his brother, P. F.) weighed exactly the same to a grain and presented 
very much the same microscopical appearance, showing a decided fam- 
ily trait. They both suffered from anurism. Dr. Joseph Leidy of the 
iiorra and Dr. Philip Leidy of the heart. In all my experience, which 
has been large, at the post mortem t tble, I never saw the blood vessels 
at the base of the brain so large and hard. They were typical pipe stems." 

In a subsequent note, he adds: "Dr. Harrison Allen assisted by Dr. 
Dercum, as representatives of the antbropomoric society, performed the 
autopsies in both cases. Drs. Wm. Hunt, J.J. Levick, John Packard and 
Joseph Leidy, Jr. (the writer P. F.) were present. * * Botli bodies 
were cremated in tne Germantown crematorv." 
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THE CHEMUNG AND CATSKILL (UPPER DEVON- 
IAN) ON THE EASTERN SIDE OF THE 
• APPALACHIAN BASIN. 

By John J. Stevenson, New York. 

I Vice-Presidential addre«H delivered l»efor« 8<»ctloii K, American Afsociutlon for th»* 
Advancement of Science, at Wauhinf^n, August, IHOl. | 

1 have chosen as a topic, the Chemung and Catskill on the 
eastern side of the Appalachian ))asin. indicating b}' this term the 
area !)etween the Bkie Ridge region at the east and the line of 
the Cincinnati uplift at the west. It embraced as a water-area* 
during the later Devonian much of N(»w York, Pennsj^lvania, 
Ohio, Virginia, West Virginia and eastern Kentucky. There is 
reason for the belief that the southern outlet through eastern 
Tennessee was closed during this time, so that communication 
with the ocean was at the west. 

The Upper Devonian on the eastern side of this area has al- 
ways attracted its full share of attention. Paljeontogically, it 
has intimate relations with the Lower Devonian and in some re- 
spects close relations with the (Carboniferous, so that its place in 
the column remains even now, for some, an opentpiestion. The 
ecpiivaleuce of Tipper Devonian within the Appalachian basin to 
that beyond the line of the Cincinnati uplift is still a .sufficiently 
perplexing matter; while the origin and grouping of the beds 
within the basin itself are far from beiny: finallv settled. 

The earliest positive reference to the Old Ked sandstone is that 
by Amos Eaton,* who in 1S21 regarded the hmI sand.stone of tlu* 
Catskill mountains as typically the same* with the Old Red sand- 
stone of Werner and as distinctlv ditferent from the Red sandstone 
of the (-onnecticut Valley; at the same time recognizing its rela- 
tions with the (^irboniferous and placing it in the Transition series. 

Marcou statest that Richard C. Taylor published a paper in 
1831, discussing the relations of the Old Mq({ sandstone to the 
CarlK)niferous; the same authcn't in a later paper exhibits clearly 
the place of the Red sandstone in central Pennsvlvania and its 
relations to the overlying Carboniferous. He appears to include 

♦Memoirs of the Board of Agriculture of the State of N. Y., vol. ii, 
Albany, 1823, p. (J. The letter to Mr. Van Rensselaer is dated Dec. 17tli. 
1821. A similar reference was made in a Geolovical and AjKricultural 
Survey of the District adjoining the Erie Canal, Albany, 1824, p. 92. 

fGeolo^y of North America. Zurich, 1858, p. 114. This paper by 
Taylor 1 have not seen. 

JTaylor. Transactions of tho Geological societv of Pennsvlvaiiia. 
Phila. 1835, vol. 1, p. 177. 
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it in the Secondary with the coals west of the Alle^hanies, thus 
separating it from the graywackes below. 

The first systematic classification of American rcwks older than 
(carboniferous was presented in 1886 by H. D. Rogers,* who 
placed in two groups the beds between the '* fossiliferous sand- 
stone," (orOriskany, as we now know it) and the liOwor Carlx)nif- 
erous sandstone (Vespertine or Pocono of later classifications.) 
These groups, Nos. VTIT and IX of his column were distin- 
guished from the CarlK)niferous, which he divided into four groups, 
afterwards numljered X, XI, XTI and XT II. The same classifica- 
tion, with rather more of detail, was repeated in the Second 
Pennsylvania reportt, as well as in the Second "Report of W. B. 
Rogerst on the surve}' of Virginia. 

No distinct etTort to suMivide the upper portion of the Devonian 

column of New York was made prior to preparation of the Third 

Report of the (reological Survey. In that rejjort Mr. (-onrad? 

defines the -^Old Redstone (iroup (Murchison )" as embracing 

!>. Olive sandstone. — Old Red sandstone ? 
^ J Dark-colored shales. 
( Black folate. 

thus carrying it down to the base of the present Hamilton. In 
the same report. James llall|| introduced the term '-(Miemung ' 
for gray beds in (Mienuing county, overlying those of his Ithaca 
group. 

The fourth report contains Vanuxem's (l(»scriptionT of the 
series in his district, giving a complete grouping (»f the higher 
rocks and placing the Montrose or Oneonta sandstone at the toj) 
of the column. The same rep<»rt contains the general classifica- 
tion by Prof. Hall** in which the terms. Old Red san<lstone, 
Chemung group. Portage group occur in the order given. One 
3'ear lat«r Mathertt used the term -('atskill Mountain Series " to 
designate all the rocks of the Catskill mountains from the Lower 
('arboniferous sandstone ( l^ocono ) of Rogers down to the baseol 

♦First Annual Report of State Geologist, Harrisburg, 1830, pp. 12 to 15. 

tSecond Annual report on the Geological Exploration of the State of 
Pennsylvania, by IT. D. Rogers, Harrisburg, 1838. 

JSecond Report of Progress of the Geological Survey of Virginia for 
the year 1837. W. B. Rogers; 1838, pp. 75-80. 

gAssembly Document, No. 275, Albany, 1831), p. 72. 

;LrOc. cit. p. 322. ^Assembly Document, No. 50, 1840, p. :581. 

**Loc. cit. pp. 452-453. 

tt Assembly Document, No. 150, 1841, i)p, 77-82. 
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the Mareellus shale, thus making it equal to Formations VI 11, 
IX and X of the Pennsylvania column. The term Catskill group 
appears for the first time in Vanuxem's* final report, where it is 
used to designate the rocks at the top of the Devonian, which 
are regarded jas fully ec^ualling in importance the underlying 
Chemung and Hamilton, forming his Erie division; so that the 
Erie and Catskill are equivalent to the VJIT and IX of Rogers. 
No line of demarcation between Erie and Catskill was determined. 

Hall'st final reix)rt appeared one year later and contained the 
grouping which has remained unchanged: 

Old Red sandstone or Catskill. 
Chemung group. 
Portage group. 

Fifteen yeai>> later appeared the final re^iort on the (Teologyt 
of Pennsylvania, in which Chemung and Portage are called Ver- 
gent, and the Catskill is the Ponent of the paUeozoic column. 
This re|K)rt took shape long after the original corps of observers 
had been scattered and the field-note l)ooks were not worked up 
in all cases ])V those who had made them: so that the statements 
are sometimes obscure and local details-are too often perplexing 
to readers not familiar with the ground. Little additional sys- 
tematic information became available after the publication of 
Rogers" final report until the results obtained by the Seccmd 
(leological survey of Pennsylvania became known. 

The studies by assistants on the Second Pennsylvania Survey 
were very much in detail, owing largely to the immense economic 
importance attaching to the upper ix>i'tion of the Devonian col- 
umn. But this detailed study, though leading to close concord 
in record of stratigraphical work, has led to wide ditTerence of 
opinion in respect to lines of separation l>etween the groups. As 
the area of Pennsylvania is large, great variations exist in 
physical characters of rocks and in vertical distribution of fossils, 
!^o that difference of opinion arose to a greater or less degree 
respecting the limitations of every group; but the difference is 
especially noteworthy in the case of Catskill and Chemung, for 
one observer carries the upper lK)undary line of (-hemung almost 
2,00(> feet further up in the column than is done by another. 

♦Geology of New York, part III, Albany, 1842. p. 12. 
+Geology of New York, Part IV. Albany, 1843 pp. 18-19. 
JGeolog}' of Pennsylvania, H. I). Rogers, Philadelphia, 1858. 



Chfinnivtj and OaUkUL — Steren^on, J> 

One observer coming from the iiorth(Mi8t along the eiisterly out- 
crop of the Devonian finds good reason to mark Catskill as be- 
ginning witli the fii^st appearance of red shales, while another 
<joming from the west and south thinks that Chemung should 
close onlj' with the final disappearance of the marine fauna. When 
these observers joined their work, their sections were in practical 
agreement, but were labeled very differently. 

The uncertainty respecting the relations of Chemung and 
Catskill is due in no small degree to the fact that the earlier 
studies of those gi'oups were nuide in New York and adjacent 
{)ortions of Pennsylvania, without much knowledge of the con- 
ditions elsewhere. Had the study been l)egun at the south in 
Virginia, then carried northward along the easterly outcrop 
through Virginia, Maryland and Pennsylvania into New York; 
then begun again in western New York or Pennsylvania and 
carried eastward to the outcrop, many difHculiies, now apparently 
so formidable, would have been unknown and the problem of re- 
lations, seemingly so perplexing, might have been easy of solu- 
tion. At this time, however, the study can be prosecuted to 
better advantage than was possible even ten years ago, for the 
oil-lx)rings of western Pcuinsylvania enable one to trace the beds 
through that region also, where in some localities they are more 
than 2,000 feet below the surface. Let us follow, then, the 
courses indicated, depending on the work of 1. (\ White. J. FT. 
Caill and C. A. Ashburner in Pennsvlvania, and that of J. J. 
Stevenson in Virginia and Pennsylvania, with references to the 
work of James Hall and 11. S. Williams in New York. 

II. 

In the southwestern portion of Virginia, near the Tennessee 
line, the Devonian is represented onl}' by black shale,* Ix^onging 
at the base of the Hamilton; but within a few miles the Ifamilton 
shows a greatly increased thickness,! while between it and the 
liower Carboniferous there are 1550 feet of rock carrying Chemung 
fossils to within fifty feet of the top. The fossils are most 
abundant in a red or bluish rock with eonchoidal fracture, which is 
the same in all respects, physically, with some non-fossiliferous 

♦Stevenson, Proc. Amer. Phil. Sec. vol. XIX, pp. 223, 3;W, 24:i. 
tStevenson, Proc. Amer. Phil. See. vol. XXII, p. \M, 
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bedn higher up in the sin^tion. Within sixty mileH along the 
Htrike, this I-J50 feet has developed into a great series with well 
marked horizons in the lower part,* while the up[)er part has 
l>ecome flaggy with not a few massive beds. The succession now 
is, the thicknesses being estimated, 

1. Xot fully oxposed, containiufi: much red saudstone TOO' 

2. Conf/lomenite 40' 

3. Shales and sandstone 1,000' 

4. Confflouitrt'tf 80' 

5. Shales and flags 1,500 

But the No. 1 of the section cou tains \n\\\ beds in the lower 
|>ortion, which, in some localities, liave yielded Chemung mol- 
lusks at not less than IK)0 feet al)ove the conglomerate, while on 
New river. Va., where the thickness is somewhat greater, Che- 
mung forms were seen at a)K)ut TiOO feet above the conglom- 
erate. Hut the reddish beds which prevail toward the top seem 
to 1h» non-fossiliferous. The tint of these beds becomes more 
and more j^rouounced toward the northeast, until in Catawba 
mountain, sonu»what more than twenty miles s<mthwest of James 
river, thev have the dismal red and irreenish color, so character- 
istic of the series along the Potomac. And yet, in McAfee's gap, 
only eight miles northward, Spirifna iUnJimrtu and some other 
(■henmng forms occur very near tlie top of the series, within a 
few feet of the \'espertine ( Pocono) sandstone. 

The other parts of the section can be observed at many places; 
the upper conglomerate ( No. 2 ) contains Hat pebbles, which 
frecpUMitly show the longer axis vertical to the plane of l>edding; 
No. :> ciuitains c(Uicretionary sandstones passing downward into 
shales, with brown, blue and red to deep red flags and flaggy 
sandstones. (Miemung moUusks are especially abuncbmt near the 
top. The lowest division consists of flags and shales, olive, gray, 
yellow, blue and drab, with but few fossils. 

This is the section to James river, soni(»what more than 150 
miles from the Tennessee line. Details of measured sections 
made in recent years between the James and Potomac rivei*s, a 
distance of not far from 20(» miles, have not been ptiblished: but 
we need not wait for detailed measurements in this interval. Ob- 
servations by the writer and by others at uiany localities 
have proved the .section persistent; and the .same succession 

♦StevensoD, Ainor. Phil. Soc. Proc. vol. XXIV, p. XI scmj. 
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is shown along tho Baltimore and Ohio railroad as it follows 
the Potomjic river. Of course there are variations in struct- 
ure; Mr. N. II. Darton tells me that the conglomerates are 
wanting in the section near Staunton, Virginia, but this is merely 
local as they are present elsewhere. Further north, the upper 
beds, or Catskill, have an increased proportion of shale, often 
blood-red. and the sandstones show a more marked conchoidal 
fracture, while the whole section has a greatl}' increased thickness. 
The Pennsvlvania line is re^iched ])ut a few miles north from 
the Potomac along the outcrop. Crossing that line, one enters 
Fulton county, where the succession is:* 

1. Catskill. Shales 1,600 

Sandstone and shale 2,100 ' 3,700 

2. CiiEMrNu. Shales 1»000' 

Upper congloinera te 10' 

Shales and sandstone 050' 

fvower conglomerate 10' 

Shales and flags 1 .850 ' ;^820 

The close reseniblnnce to the Virginia section is apparent at 
once, the most notable change lieing simply the great increase in 
thickness of the upper portion. The upper Catskill consists for 
the most part of soft deep red shales with occasional sandstones ; 
but the lower Catskill is made up of brownish or greenish to red, 
cross bedded, almost laminated sandstone, often looking as 
though it were worm eaten. Sometimes a large fragment re- 
mains on a hill top, re.sembling much a pile of thin l^oards. 
Occasionally more miussive sandstone prevails, as along the 
Juniata river in central Bedford county of Pennsvlvania, where 
no tendency to lamination was seen. The Catskill appears to bi» 
wholly non- fossil iferous along the eastern outcrop from central 
Virginia into New York. 

The absolute limit between Catskill and (Miemung is indeternii- 
na])le, for the passage from one* to the other is practically imper- 
ceptible at most localities: the line drawn at any locality, whether 
on stratigraphical or on pahtontological grounds, is almost certain 
t^) be unsatisfactory at any other. In Fult(»n county, however, 
a marked lit hological change occurs at about 1,000 feet ab(»ve 
the Upper Chemung conglomerate, for there the alternations of red 

♦Geology of Bedford and Fulton counties, J. J. Stevenson, Harrisburg, 
1882, pp. 73, 75, 82. I have re-arranged the section somewhat, placing 
the line between Chemung and Catskill 200 feet higher than in the 
oriirinal. 
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and yellow shales cease aud the daggy. almost laminated, reil sand- 
stones begin. The last horizon of Chemnng mollnsks was found 
at 200 feet lower, where, at approximately 800 feet above the 
conglomerate, the writer orginally drew the line between the two 
groups. 

The interval between the conglomerates is filled with yellow to 
red shales and gray, brown, blue or red sandstones; the red beds 
form an insignificant portion of the section, but such as are pres- 
ent are strikingly like Catskill, for the shales are often bright 
red and the sandstones cross l»edded or in thin flags. Many of 
the beds in this interval are richly fossiliferous and the important 
horizons of Chemung lamellibranchs are at but a little way be- 
low the upper conglomerate. The lowest bi*ds of the Chemung 
are shales and flags: the shales overlying the flags are j'ellow, 
gray, olive, dark brown and reddish: while the flags, which doubt- 
less represent the Portage of New York, are almost wholly olive, 
and, unlike the overlying shales, aj)pear to be very si)aringly fos- 
siliferous. 

Beyond Fulton county northward into New York, we must dc- 
j)end almost wholly upon the work of Prof. 1. C. White, who has 
demonstrated the stratigraphical relations of the beds under con- 
sideration to those of the Catskill area of New York, and has told 
the story with such clearness that there is no opportunity for any one 
to cavil. His grouping of the rocks, however, differs from that 
already given ; he prefers to include as Catskill all beds down to 100 
feet below the ui)per conglomerate, which is the lowest horizon at 
which he found fish remains; he regards as transition the beds be- 
low that fish bed to the lowest red l)ed. 17)0 feet alx>ve the lower 
conglomerate, and applies to them the term Chemung-l^itskill: 
while the remaining beds of th(» section are taken by him to rej)- 
resent the Chemung and Portage of New York. He identifies 
the Upper Chemung conglomerate of Fulton county with his 
Lavknira.aii. conglomerate of the New York border and he givers 
the name of Alhyn'ppiiH to the lower conglomerate. 

The succession in Huntingdon county, Pennsylvania,* is : 

*I. C. White in Geolocy of Huntingdon County, Harrisburg, 1885, pp. 
1)2-104. As given here Nos. 1, 2, and 100 feet of No. 3, of the Chemung 
belong to Prof. White's Catskill; the rest of No. 3, except 150 feet at the 
base forms the Chemung-Catskill of the same author. All sections along 
this outcrop, quoted from Prof. White, have been re-arranged in this 
wav. 
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1. Catskill. 2,.^0() 

2. Chemung. 

1. Haunts Bridge group 1,()00 

2. Lackawnxen conglomerate 20' 

3. Sandstones and shales 1,000' 

4. Allegrixqyu^ conglomerate 5' 

5. 8hales and flags 3,250' 4,675 

The Hauns Bridge group couHists largely of greenish gray 
sandy shales and flags with some red beds, and holds from l)ottom 
to top Chemung mollusks, some of which are very abundant. , 

Prof. White's measurements near Catawissa, in Columbia 
county, Pennsylvania, about sixty miles further along the strike, 
show the section still persistent, the succession being:* 

1. Catskill, 3,280 

2. CnEMUK<4. 

1. Shales and sandstones 023' 

2. lAickair a J'e7i conglomeTRie 40' 

3. Shales and sandstones 1,180' 

4. Allegrippus conglomenXe 10' 

5. Shales, sandstones and shaly 

beds 2,300' 4,453 

The Catskill exhibits little change in structure and. as liefore, 
appears to have no fossils iiside from obscure fish remains. Xo. 
1 of the Chemung is the same with the Montrose shales of 
Susquehanna county as well as the Ilaun's Bridge group of 
Huntingdon county. It consists, lus it does further south, of 
variegated shales and sandstones, green and red pre<lominating, 
and in the lower half has many l)eds carrying Chemung mollusks. 
1 have drawn the line between Chemung and Catskill somewhat 
arbitrarily,^ where sandstone ceases to predominate, for there is 
no noteworthy physical change in character of the rocks an}' where 
above the Lac/cairn,cen conglomerate. That conglomerate is now 
irregular in structure, sometimes not conglomerate, but still con- 
taining fish-bones as it does further south. The fragments of 
bones are larger and in l)etter preservation than at the more 
southern localities. 

The interval between the conglomerates contain some red beds 
but as usual they form only a small part of the section, little 
more than ten per cent of the whole. A bed containing frag- 
ments l)elonging, apparently, to Holoptyihius associated with 
Pleurotomaria sp. and Llngula spofuhita, was observed at 150 
feet below the Ijarktnva.rrn conglomerate. Vegetable remains 

♦The Geology of the Susquehanna river region, T. C. White, Harris- 
burg, 1883, p. 57. 
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are not waiitiug, for AnhaopU'rU ht/hernlca is abundant above the 
fish beil. The Alley npj>u8 conglomerate is no longer a constant 
member of the series, though occasionally it is recognizable 
without ditticulty a,s a massive sandstone, sometimes containing 
flat pebbles. 

Thus far. the section observed beyond the James river in 
Virginia has been persistent, the distance along the line of out- 
crop being not far from 500 miles. In Columbia county, how- 
ever, the interval l>etween the conglomerates is no longer richly 
fossiliferous, while fossils reach to i)ut 51 (» feet alx)ve the Lacka- 
icaxtn, instead of to 1,000 feet iis in Huntingdon county. The 
section is still sufficiently distinct at Hartville,* Luzerne count}'. 
Pa., about twenty miles further along the strike; but thence 
northeastward changes in structure l)ecome marked and are ac- 
companied by a still more rapid disappearance of animal remains, 
so that within a few miles such remains seem to bt» almost wholly 
wanting in beds above the place of the Allegrijtpus conglomerate. 

Prof. White's Pike county section was measured along the 
Delaware river about fifty miles northeastward from the Catawissa 
locality and practically on the same line of outcrop. It illus- 
trates the conditions in New York for the Delaware river there cuts 
across the Catskill mountain region. The succession ist: 



Catbkill. 




Honesdale Bandstone 


100 


Montrose sandstone 


125' 


Chemung. 




1. Montrose red shale 


100 


2. Greenish-gray sandstone 


80 • 


3. Laekawaxen conglomerate 


50 


4. Greenish sandstone and shale 


300 


5. Red shale ' 


50' 


0. Delaware flags 


1,000 


7. New Milford shales and S. S. 


75 


8. Starucca beds 


600 


9. Sandstones and sandy shales 


1,850' 4,055 



The highest beds of the Catskill, the CheiTy Ridge shales, were 
not measured, but they add barely 150 feet, so that, within little 
more than fifty miles, the Catskill has lost almost 3,000 feet, 
while the Chemung is but 400 feet thinner. Rut it should l)e 
noted that the upper portion of the Chemung has lost much, 
while the lower portion has increased greatly. The AlUgrlppu^ 

* White, Loc. cit. p. 196. 

tGeology of Pike and Monroe counties, I. ('. White, Harrleburg, 1882, 
pp. 73 and 94. 
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cx)nglomerate belongs at the biise of the Stiiriiceii beils but it is 
not present. Kven the Lavkaini.ren is no longer persistent as a 
eonglomerato and in some localities it is not even massive. 

The most interesting feature of this section, characterizing 
also those obtained along fragmentary outcrops in Carbon and 
Monroe counties, sav 25 miles southeast of that which has been 
followed, is the apparent absence of animal remains from t\w 
whole series a])Ove the lowest member of the section, there being 
no trace aside from what seem to be fragments of tish-lM)nes in 
breccias of the Ilonesdale sandstones.* Arr/nroptfrt':* Jackson i is 
plentiful near the base of the Montrose shales. 

We have followed this section along practically one line <»f out- 
crop for nearly 600 miles, from the northern lx)undary of Ten- 
nessei* into southeastern New York. Its persistence, stratigraph- 
ically, is n^markable. since variations in structure are inconsider- 
able until within thirty miles of the New York border; but serious 
changes of some sort occurred during the long period of dei>osit, 
for in the extreme south, even the representative of the Montrose 
sandstone carries Chemung fossils, while in northeastern Pennsyl- 
vania and the immediately adjacent |X)rtion of New York, animal 
remains pnictically disappear alM)ve the horizon of the AJlf^/rippus 
conglomerate. 

Let us now return to southern Pennsylvania and foUow the 
section westward; but tirst let us re-label the Fulton county sec- 
tion, giving to its parts the geographical names applied in the 
counties between that and the Delaware river, so that the relations 
of the ditTerent parts of the section may i)e n»menibered. It b(»- 
comes 

OaTSKII Li 

Cherry Ridge shales 1 000 ' 

Montrose sandstone 2100 3700' 

CUEMUNG. 

1. Montrose red shales 1000 

2. Latkawoxen conglomerate 10 
*^. Shales and sandstones, including Dela- 
ware flags and Starucca beds 050 

4. ^/fcyrtpptM conglomerate 10 

5. Shales and tiags, including Portage of New 

York 1850 ;W2(r 

The thickness of the section diminishes rapidly toward the 
west, so that on the western l)order of Bedford county, near the 

*Mr. C. 8. Proser informs me that he has discovered some lamelli- 
branchs in the Delaware flags and some Spirifers in the Ilonesdale 
sandstone, or possibly at the base of the Cherry Ridge shale. 



16 Th4> Amen^an Gei^hnjiHt, Jammry, i8ft? 

Maryland line, the Cherry Kidge shales have almost disappeared 
and the total thickness of Catskill, Including doubtless some of 
the Moutix>se shale, is but 1 080 feet. No outcrop is seen in the 
adjoining county of Somerset until the western edge has been 
reached, where under the great anticlinal of Laurel hill, the- 
Youghioghen}' river has cut down to the Delaware flags. There 
the Montrose sandstone is present, but only a few feet thick;, 
while at not more than three miles further west, on the other side 
of the anticlinal, the Catskill has disappeared and the Vespertine- 
(Pocono) rests directly on the Montrose shale. 

The Chemung shows a similar decrease in the same direction;, 
for on the railroatl section in western Bedford, the whole interval 
of Chemung and Hamilton is represented by a concealed space* 
of 2,030 feet, giving to the Chemung a thickness of somewhat 
more than 1 , 800 feet. The ex|X)8ures under Laurel hill in the 
Youghiogheny and Conemaugh gaps suggest a continuance of the 
decrease, certainly in the upper i>ortion. The gaps through 
Chestnut ridge, ton miles west from Laurel, afford the last ex- 
posures, in this direction, of any part of the Devonian on the 
eastern side of the basin; the section in the Conemaugh gap, 
barely fifty miles in a direct line from Pittsburg, t is 

Pocono 44i}' 

Montrose red shales 125 

rMckawax4in conglomerate 20' 

Shale and sandstone 120' 

Concealed to river 150' 

The Montrose shale is composed of dull, grayish-red shale and 
thin streaks of sandstone, carrj-ing Chemung species up to with- 
in one foot of the Pocx)no. The Lackawaxen is characterized by 
flat- pebbles as it is also on the **National road" in Fayette county, 
where some of the larger pebbles are felsytc-poiphyr}'. + Exca- 
vations made since these measurements were obtained show that 
there is much dull red shale l)elow the Lachumxen, especially in 
the concealed portion. The interval from the top of the Pocono 

♦Stevenson, Geology of Bedford and Fulton counties, p. 81. 

IGeology of Fayette and Westmoreland Counties. J. J. Stevenson, 
Harrisburg, 1877, p. 291. 

JAn annoying error occurs in my report on the Ligonier Valley 
(Harrisburg, 1878). Part of the notes referring to this rock were copied 
under the Pocono, and some of the Pocono transferred to this; so that 
this conglomerate is described as not containing flat pebbles. 
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to tlie Lach'uwaxen is 568 feet; in the deep boring at Pittsburg 
it is given as 519 feet. 

Mr. J. H. Carll has tabulated the oil-well records in the west- 
ern oil-bearing counties of Pennsylvania, and we must depend 
largely upon his work as we follow the series northward in west- 
ern Pennsylvania; though one may sometimes fail to accept his 
identifications, yet all must acknowledge the patience with which 
he has worked and the excellence of his results. 

At Washington, about thirty miles southwest from Pittsburg, 
the interval to the Laelcfncaxen is from the top of the Pocono is 
518 feet, and the rock is termed by Mr. Carll, the ''gas sand.'* 

The section there is 

Pocono (Shenango sandstone of White) 152' 

Interval JWft' 

/>icAw«frt.c/?/i conglomerate 30' 

Interval 87' 

Gantz oil sand 40' 

The Pocono has become less coarse. At Pittsburg it contains 
much shale, while in Washington county its sandstone is often 
less than 1 50 feet thick. 

Mr. Carll recognizes in the Gantz sand, the upper or first of the 
Venango group of oil-sands, which consists of three well marked 
sandstones separated by shales and showing few variations in 
Venango county. It is not e^isy, however, to accept this identifi- 
cation after a careful study of his sections as tabulated in the 
Annual Report for 1886, and I am compelled to regard the upper 
gas sand of Weirick's well as the first oil sand of Venango, and 
as the Lackaicn.ren.f The distribution and variations of the 
Venango group are shown in the very numerous records of oil- 
wells which Mr. Carll has preserved and published in his volumes 
on the western counties of Pennsylvania. A section on Thorn 
creekj in Butler county, at about thirty miles northward from. 
Pittsburg gives 

Shenango sandstone (of White) 

Interval 395' 

(fjackawaxen) first Venango oil sand 45 ' 

interval 420' 

(AUegrippus) third Venango oil sand 46' 

♦Carll in Ann. Report of 2d Geol. Survey of Pennsylvania for 1886, p. 
650. See plate Plate 5 figs. 20 and 21. 

" tSee tig, 21 of Plate 5. 

jOarll in Report for 1886, p. 650. See Fig. lik of PI. 4, I have con- 
densed the section and inserted the names of the- »aiid«. 
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Seven years ago Prof. White asserted that the first oil-sand is 
tlie same with his Lackawn.cen, and suggested that the AUegrip- 
pu« might prove to Ik* the same with the third Venango. There 
is no ix)om for doubt respecting the accuracy of these surmises. 
The interval between the sands is not far from what we should 
expect, for in western Bedford it is not more than 600 feet, and 
the decrease in the upper part of the column continues westward 
to the last exposure under Chestnut ridge. Some red rock occurs 
in this interval at Pittsburg and at Petrolia in eastern Butler as 
well as at Kdenburg, 20 miles further east in Clarion county. 
Bed shales, from 60 to more than 100 feet thick overlie the 
Lurh-a waxen at many places in Butler count}', though occasion- 
ally they are separated by a few feet of variegated shale. A sec- 
tion on Bullion creek,* in Venango county, about thirty miles , 
north from Thorn creek, shows 100 feet of red rock immediately 
over the Lachitraxfn or first oil-sand and 55 feet of re<l rock in 
the 215 feet interval between that and the AUcgrippus or third 
oil-sand. T\w distance here from the Pocono to the Larkawaxen 
is I5S5 feet, almost the same a.s in Brady township and on Thorn 
creek of Butler countv. 

It is unnecessary to go into further detail respecting the features 
of the Venango group, as the variations, aaide from those of 
thickness, are inconsiderable, and they are all shown in full in Mr. 
Carll's several reports. 

The whole series comes to the surface again in Crawford and 
Erie, the northwest counties of Pennsylvania, where the sub- 
divisions have been worked out in great detail by Prof. White. 1 
give his generalized section! somewhat condensed and differently 
divided: 

Po<'ONO. 



1. Shenaiigo sandstone - 


25 


2. Meadville shale and limestone 


66 


8. Sharpville flags and limestone 


64' 


4. Orangeville shale 


75' 


."). Corr}' sandstone 


20' 


C:hkmun4^. 




1. Cussewago shale and limestone 


37' 


2. Cussewago sandstone 


25' 


:i Bice vi He shales 


80 


4. [Ln^kmcaxeri] first oil-sand 


20' 



250' 



*Carll in loc. cit. \\ 647. See PL 3, Fig. 14. 

tGeologv of Crawford and Erie Counties. I. C. White. Harrisburg, 
1881. pp. 66-119. 
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5. Shales with second sand 260' 

6. LlttggTMWWj*] third oil -sand 30 

7. Lower Chemung 325' 

8. Girard 225' 

9. Portage 475' 1477' 

Prof. White placed tlie whole section to tlie base of the Cusse- 
wago ill tlie Pocono or Lower Carl)oniferoiis, thougli seemingly 
witli Home liesitation respecting the lower members. The Corry 
sandstone appears to be the representative of the Berea of Ohio. 
The Riceville shales are e<[uivalent to the red rock of Butler and 
Venango as well as to the Montrose red shales of thc^ eastern 
sections. Typical Cliemung forms occur here at many places up 
to within 15 feet of the Cussewago sandstone. The Lnckuwaxoi 
is seldom coarse in northwestern Pennsylvania. The Aflegrippiis, or 
third oil -sand, is the persistent stratum in this region and the one 
po.ssessing economic importance. Prof. White gives good reason 
for identif^'ing it with the IVnama conglomerate of New York. 
Prof. White found the same section in WaiTen county at Tidioute, 
twelve ^miles east from the Crawford line, and he regards the 
Corntsh'HM bc»d at Warren as the same with the Lachawaxen^ or 
first Venango oil-sand. Mr. (^aril's section at (Ireat Bend,* on 
the eastern edge of Warren county is of interest as showing the 
appearance of the '^Catskill type,''t as he terms it, there being 
al)ove the Jiiceville shales, 88 feet of greenish gray sandstone 
with olive and red shales; so that somewhere between Tidioute 
and (rreat Bend the typically Catsklll characteristics appear in 
the upper part of the section. Chemung fossils are found in the 
Riceville shales or Montrose Red shalt« and SiniginnolitfH occurs 
in the Larkawnxvu. ^ 

Meanwhile a noteworthy change has occurred below the Lacka- 
ini.rL'H, for though 327 feet of I'ock are shown, yet the Alle(frippu» 
i>T third sand is not reached; so that we are prepared for the con- 
dition shown by Mr. Ashburner's generalized section of McKean 
<K)unty, next east to Warren along the northern lx)rder of the 
state. There we findj 

Pocono 250 

Catsklll 250' 

Chemung 1900' 

♦Loc. cit. p. 641. 

tOeologtcal Report on Warren countv, J. H. C'arll, llarrisburg, 1888, 
p. 302. 

JGteolog}- of McKean Countv, Etc. ('. A. Ashburner, llarrisburg, 
18S0, p. K 
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the Catskill cousiBting of -^reii and grey slate, shale ami sand- 
stone" at Smethport, thirty miles east from Great Bend, in War- 
ren county. The Chemung is triple, and its upper division is 
itself distinctly triple, consisting of 

Gray shale and sandstone !]50' 

lied and gray shale and sandstone 300' 

(vray «hale and sandstone 650' 

the lowest beds resting on the Bradford oil-sand, which is Mr. 
Ashburncr's Middle Chemung. Typical Chemung molluskK oc- 
cur in the highest Ijeds of the (Miemung and some species appear 
to have persisted into the lower portion of the l)eds assigned to 
the Pocono. This abrupt thickening of Chemung and Catskill is 
precisely what should be expected here to accord with the condi- 
tions along the southern border of the state. 

The sections in I^otter county, that adjoining McKeiiu at the 
east, are incomplete, and our knowledge of the structure is far 
from l>eing satisfactory'. Mr. Ashburner made some examina- 
tions in the western part of the county, which were merely inci- 
dental and sufficed only to show that the '^Catskill type'* of ix>ck 
increases in thickness eastward just as it does toward the south- 
east, there i>eing '{70 feet of red, gra>' and green shales and 
sandstones overl^'ing the uppermost subdivision of his McKean 
county Chemung. He finds some red in his (^hemung* as well as 
in the overlying Pocono. Fish beds occur in his (^itskill as well 
as in the up|>er part of his Chemung. No information is given 
respecting distribution of mollusciin remains, but on the eastern 
side of I'otter, Chemung forms extend far up into the rwl beds, 
for. just over the l)order in Tioga county, (Miemung fossils are 
found at more than ^500' above the first red beds.t 

The condition in Tioga and Bradford counties, those next at 
the east, is sufficiently clear. Prof. White's incidental studies in 
those counties make it possible to utilize Mr. Sherwood's work^ 
and at the same time to gain a good understanding of the work 
done bv I^'of. Hall and Mr. A'anuxem more than fiftv vears ajjo. 
The section near Blossburg. in Tioga county, gives a starting 
|>oint. + It is 



*Loc. cit. pp. 77-78. 

tA Sherwood in Report of Progress in Bradford and Tioga counties. 
Ilarrisburg, 1878, p. 86. 

JGeologv of Susquehanna and Wavne Counties. I. C. White, 1S*<1, 
p. 72. * 
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Pocono. 578' 

Ked shales, green and gray sandstones and concealed 830' 

Fish conglomerate {ffolojityehitis bed) 2 ' 

Red shale and sandstone 200 ' 

The thickness of the rocks in the vicinitj' of Blosshiirg had 
lKH?n much underestimated by other observers. All the beds of 
the si»ction l>elow the PocH>no have been regarded by authors as 
Catwkill. but at ten miles further down the Tioga river, three 
mih^s l)elow Mansfield, Chemung fossils have been found by Mr. 
Sherwood in a calcareous rock,* only 165 feet Inflow the bed 
taken as the base of the l^ocono in Prof. White's section, and 
therefore at more than 950 feet above the lowest red beds in that 
section. At a little way further east, Mr. Sherwood found great 
abundance of fish remains with shells and fragments of plants in 
the Jfnlopfifchins l)ed; a calcareous bed at 84 feet lower down con- 
tains abundance of well-known Chemung forms, while red beds 
continue in alternation with gray beds for 150 fi^et lower down in 
the column. In 1H89, Prof. Hall connected his New York work 
with Pennsylvania at Tioga, eight miles further down the river, 
where he found the upj)cr member of the Chemung passing under 
the Old Red sandstone, whose thickness he estimated at 400 feet. 
It is sufficiently clear that the red beds, including the fish bed, 
were reganled by him as l^elonging to the *»Old Ri»d Sandstone.*' 

The McKean county section can be recognized without difficulty 
in Tioga county, despite the change in character of the rocks: for 
the middle division of Mr. Ashbumer's IJpiH^r Chemung finds its 
equivalent in ''Mansfield Reds" of Lesley, containing three ore 
beds near Man.sfield, the second of which is the celebrated ITolop- 
ti/r/tius IhhI. The base of the Red and Gra}' group in McKean is 
at 000 feet below the Pocono, while in Tioga county the llolop- 
tifvhiaa: l>ed is at 830 feet. At the same time, the structure so 
well worked out by Prof. AVhite in Susquehanna county, can bi» 
recognized with less difficult}' than that of McKean. Eastward 
from the Tioga river, fossils become rarer in the upper part of 
the section; Mr. Sherwoo<l states that no fossils occur in the 
Towanda basin of Bradford countv until a bed is reached at 800 

ft' 

ft»et Ijelow the Pocono. t 

Prof. AVhite's work in Sus(piehanna and Wayne counties, was 
connected by him with that in Bradford, which lies l)etween Tioga 

♦A. Sherwood, loc. cit. p. 79. 
+Loo. cit. p. 28. 
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and Susquehamia. His section for those counties, condensed and 
re-arranged is* 

Catskill. 

Cherry Ridge shales 110' 

Honesdale sandstone 90' 

CnEMUNO. 

Montrose red shales 180' 
Paupack sandstone and shales, New Mil- 
ford flags and shales 585 ' 
Shales and sandstones 244' 
"Mansfield Reds" 90' 
(Allegrippus) Cascade Creek sandstone 25 ' 
Shale and sandstone 120 ' 

The lower portions of the coltmn are not exposed in the coun- 
ties. The Paupack sandstone, immediately underlying the Mont- 
rose shales, occupies the position of the Lackawajrcn conglom- 
erate, but it is not seen as a conglomerate except in eastern 
Wayne, on the l)order of Pike county. The Cascade Creek 
sandstone is the same with the Falls Creek sandstone of Brad- 
ford county, and with the ANegrippHg conglomerate of Bed- 
ford and Huntingdon counties, the Lower Chemung conglom- 
erate of Fulton county. A great part of the interval be- 
tween these sandstones is represented further east by the Dela- 
ware flags. For the most part, this is the section observed along 
the Delaware river in Pike county of Penns^'lvania, and in the 
adjacent portion of New York ; and the Honesdale sandstone is 
the Montrose sandstone of A^anuxem. t Prof, White made dili- 
gent search for fossils, but no mollusks were found at any hori- 
zon more than 130 feet above the AUcgrippv«\ but Chemung fos- 
sils are sufticiently abundant l>elow that rock. ArchmpterU 
javksoni occurs in the Paupack or Larkfnni,rc». 

III. 
We have come once more to the Delaware river, the last |X)int 
reached in the tracing of the easterly outcrop. Clearly the 
series is one: the middle portion, that between and including the 
two conglomerates, is evidently persistent all the way round, except 
perhaps in McKean and Potter counties of Pennsylvania, where, 
however, the diflUculty lies most probably not in absence of the 
sub-group but in the absence of records. 

♦Geology of Su8(iuehanna county and Wayne county. I. C. White. 
Harrisburg, 1881. pp. 56, 58, 59, 78. In accordance with Prof. White's 
suggestion (Geol. of Susquehanna R. Region, p. 5^,) I have omitted the 
upper 375 feet of the section. 

tAnnual Report of N. V. Survey for 1839, p. 381. 



(lieinnng atul Catt^kiU, — Steren^oa. 23 

The serious question now arises, how shall this great cohinin. 
with a maximum thickness of more than 7,000 feet, be divided 
and what value shall be assigned to the divisions? Before under- 
taking to answer the ([uestion, let us recall the signification of 
the terms Catskill and Chemung as originally employed. 

Mather* in the annual reports as well as in his final report used 
the term **Catskill Mountain Series" to include all beds from the 
very highest rocks in the Catskill mountains down to the Cor- 
niferous, thus making it equivalent to ''Formations viir, ix, x, and 
XI of Prof, llogers* Report on the Geology of Pennsylvania for 
1838.'' '^Catskill group' was used first by Vanuxem in his 
final report, published in 1842,t though he had previously fixed 
the lower limit, as may ])e seen b}' refei^ence to the fourth rejwrt, 
where he takes the Montrose sandstone as representing the group. 
That i^ock rests directly on the Chemung group, whose upper 
limits are not so well defined in the fourth district of New York, 
though suflftciently so in the third. Its lower boundary appears 
to be distinct in l)oth, so that the group consisted of the Chem- 
ung and Portage. But the (>atskill group of authoi*s is a varia- 
ble quantity. By some, the whole mass in the Catskills proper 
has been taken as l)elonging to the group ; by othei*s, the first red 
bed is taken as the base of the group, while others still see the 
beginning in the fii*st fish bed. No one of these limitations 
suffices, for each is purely local in character and cannot be ap- 
plied over a great area. 

Stratigraphically the two groups, as understood by Vanuxem, 
are separable without dittlculty. The Catskill, including under 
that name, the Cherry Ridge shales of White and the Montrose 
sandstone of A'anuxem, is thoroughly persistent along the eastern 
outcrop from Greene county of New York to far beyond the 
James river in Virginia; its variations in thickness along this line 
are for the most part very similar to those of the upper and mid- 
dle divisions of the underlying Chemung. Westward and nortii- 
westward, however, the variations of the Catskill are unlike 
those of the Chemung. In southern Pennsylvania, the (Mierrv 
Ridge shales disappear within forty miles, while the Montrose 
sandstone thins out more slowly and does not disappear until Fay- 
ette county is reached; there, however, the whole mass, 3,700 

*Fourth Annual Report, p. 227. Geology of N. Y. Part I, p. 299. 
tGeology of New York. Part III, p. 180; 4th Ann. Rep. p. 381. 
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foot tliiek in Fulton county, is wanting. In northern Pennsyl- 
vania, the decrease in thickness is abrupt for a few miles, but the 
final disappearance of rocks of the Catskill type is in Warren 
count}', just as in New York it is in Allegany county east from 
the Genesee river.* In southwestern Pennsylvania the Cati^kill 
is wanting, l)ecause the rocks have thinned out ; whether the dis- 
sippearance in northwest Pennsylvania is due only to thinning or 
to interlocking with rocks of different color, cannot be determined 
in our present state of knowledge. 

The upper sub-divisions of the Chemung, when followed west- 
ward, are found to vary much after the same manner throughout. 
The abrupt changes observed in the Catskill had no predecessors 
in the Chemung, except in southwestern Virginia, where the 
whole series, Chemung and Catskill, as well as most of the under- 
lying Hamilton and much of the overlying Pocono have disap- 
peared. The Chemung section thus grouped 

Shales 
I Sandstone 
Venango \ Shales and sandstone 
i Sandstone 

Shales and flags 

can be riH:*ognized not merely along the eastern outciX)p from New 
York to far beyond New river in Virginia, but also in western 
Pennsylvania many miles beyond the western limit of the Catskill 
IkhIs. 

It is sufficient I V clear that, at the close of the time embraced in 
the Chemung group, a physical change occurred, which, though 
not observable along the eastern outcrop, becomes very distinct 
within 1(K) miles westwaitl or northwestward. During the whole 
of the Chemung period, the subsidence was less and less rapid 
toward the west and northwest, though doubtless keeping pace 
there as at the east with accumulation of deposits, which, in that 
direction, became less in quantity and finer in grain, as the rocks 
at the west and northwest were not such as to vield much coarse 
material. But at the close of the Chemung, the subsidence be- 
came still less nipid toward the west and northwest, so that 
the area in which Catskill was deposited became narrower towaitl 
the south.! It is altogether unnecessary to resort to the concep- 
tion of elevation in western Pennsylvania or Virginia: indeed 



*Geolog}' of New York. Part iv. p. 279. 

tBecause of the southwestward trend of the Appalachian land area. 
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any 8u(;h conception would Ik* at variance witli such evidence as 
from study of the stratigraphy. For the most part, the changes 
we have. That region was not above water at any time so as to 
make the Catskill deposit in a closed sea: no subaPrial erosion 
took place there after the close of the Chemung, for the thickness 
of Montrose shales in the oil-wells and in northwest Pennsvlvania, 
where they are Prof. White's Riceville shales, varies immaterially 
ftom their thickness in Somerset county, where they underlie the 
western edge of the Montrose or Honesdale sand-stone. 

But while making use of these variations in rate of subsid- 
ence as alTording a convenient method of separating the Catskill 
and Chemung groups, we must not forget that in }>y far the 
greater part of the area, the conditions exhibited in the Catskill 
are but a continuation, and as it were an intensification of those 
existing in the Venango portion of the Chemung. The appear- 
ance of red rock with green and greenish gray sandstone begins 
in Pennsylvania very little above the AllegrippuM conglomerate, 
and continues in irregularly increasing quantity to the top of the 
-column, while in New York, red rock makes its first appearance 
in the Portage.* The amount of red between the conglomerates 
varies greatly, being seldom more, though often less, than ten per 
«ent. along the e^istern outcrop, while at some places in western 
Pennsylvania it is much greater. The Montrose shales are largel}' 
red along the easterly outcrop, but they show not a little varia- 
tion even there; while at the west, they are sometimes wholly red 
ttnd at others without any red beds whatever, (i reenish gray and 
brown or reddish brown sandstones occur in large pro|)ortion in 
the Catskill itself. 

All observers agree that the passage of Chemung into (^itskill 
is so gradual that, litho logically, no absolute line of separation 
can be drawn in a great part of the Appalachian basin. The 
bond between Catskill and upper (Chemung is even more intimate, 
as far as structure goes, than is that between the upper Chemung 
and the lower Chemung or Portage. As far as physical character- 
istics are to be depended on, the whole series is one. and the 
terms CatskilL (Chemung, Portage might well be taken as names 
of epochal divisions of the Chemung period. 

The paljeontological record confirms this conchision drawn 

'^'James Hall in 28th Annual Report of the Regents on the State 
Museum. 1870, p. 15. 
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in general conditions were insignificant from the beginning of the 
Portage to the chjse of the Chemung; at all events the changes 
in by far the greater part of the area under consideration, were 
not such as to interfere materially with the existence of the 
molluscan fauna known as Chemung, though as we have seen, 
there were circumscriljed areas in which the conditions did prove 
very injurious to animal life. 

The Chemung and Catskill are very distinct, palajontologically, 
along the eastern outcrop in southern Pennsylvania. The Cats- 
kill, almost wholly red shale and red or greenish-gray sandstones, 
appears to be non-fossiliferous; but the Chemung carries its fos- 
sils to practically the top of the Montrose shales. The condition 
is unquestionably the same in northern Virginia. Xe^ir the Ten- 
nessee }x)rder, the e([uivalent of the Montrose sandstone has 
Chemung fossils; at New River gap, Chemung fossils were not 
found in the upper half of the interval between the Lackawaxen 
and the Pooono; in McAfee's gap in Roanoke county, proof is 
shown that Splrifera dhjuncta survived all changes to the end 
of the Catskill; while at eight or ten miles southeast in Catawba 
mountain, the whole succession of red greenish-gray sandstones 
seems to be absolutely non-fossiliferous; and this is the prevailing 
condition thence northward. It is evident, then, that from, say. 
twenty-five miles southwest of James river in Virginia to New 
York, the group called Catskill by Vanuxem is either non-fos- 
siliferous or practically so. But the Chemung group contains its 
characteristic species above the Lackawaxen conglomerate in Vir- 
ginia and along the eastern outcrop into Montour county of Penn- 
sylvania; so also in southern Pennsylvania* westward to where it 
passes beneath the surface l)eyond the final disappearance of 
Catskill in Fayette and Westmoreland counties; while in north- 
western Pennsylvania and along the northern line of the state, 
Chemung forms are present in the same upper horizon from the 
Ohio line eastward into Bradford county. In New York on the 
northwest l)order of the Catskills themselves, Chemung fossils 
occur abundantly above the Oneontat sandstone which Vanuxem 
identified with the Montrose sandstone of Pennsvlvania. 

♦In my report on the Geology of Bedford and Fulton counties, p. 81, 
I identified the conglomerate of the Laurel and Chestnut ridge gaps 
with the Lower (AUegrippus) conglomerate. The error was discovered 
too late for correction. 

tJames Hall in Science 1880, p. 290. 
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A remarkable feature of the Chemung is the non-foBsiliferouH 
area of southeastern New York and the adjacent portion of 
Pennsylvania, northward from Huntingdon count}', of Penn- 
sylvania, the upper limit of the Chemung fauna descends; 
in Columbia county the upi)er half of the Montrose red shales 
yields no fossils, while in Carbon county, no fossils were found 
until practically below the place of the Alhyrippus conglomerate; 
and, even in these lowest l>eds, fossils are rare and usually not 
well preserved. No molluscan fossils were found by Prof. White 
in the Delaware river section until considerably below the place of 
the AUegnjipuit^ whence downward *<the whole series is sparingly 
fossiliferous. "* Even remains of fishes are wanting aside from 
**the occasional appearance of what appear to be fish-bone frag- 
ments in calcareous breccias." A similar condition is observed 
as one comes eastward along the border of Pennsylvania and 
New York; Chemung fossils reach the top of the group at the 
western border and in McKean county; but in Tioga county the 
barren space at the top of the column is 165 feet; in Bradford, 
800 feet, in Wayne, 1,170 and in Pike, 2,650 feet, in each case 
inclusive of the Catskill, which, however, does not exceed HOO 
feet even in Pike countv. 

The area in which the lifeless i)ortion of the column reaches 
much }>elow the horizon of the Lackownxen conglomerate, era- 
bracing parts of Carbon, Monroe, Pike and Wayne counties of 
Pennsylvania, and of Sullivan, Delaware, and Greene counties of 
New York, contains rather more than 4,000 square miles, while 
the whole area under consideration is more than 80,000 scjuare 
miles. To explain the absence of life is not easy; it cannot I )e 
due merely to an agent which caused the redness or greenness of 
the beds, for, in Huntingdon and Fulton counties of Penn.syl- 
vania, the Montrose shales liave many fossiliferous l>eds though 
having also many green and red beds. Besides, the Delaware 
section shows a great thickness of beds of other colors, which 
are equally without animal remains. It cannot be due to ehenn- 
eal conditions existing in a closed sea, for the successive sul)di- 
visions of lioth Catskill and Chemung can l>e traced directly into 
the lifeless area equally from the open sea at the west and along 
the Appalachian shore frt>m the south, thus^showingthatno closed 
sea existed in that area. Even i)lant remains are rare, bi»iug 

♦Geolog}' of Susquehanna Hiver n^gion. pp. 103 and 105. 
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found at but few localities; and a« a rule the specimens are im- 
perfect, good specimens occurring at only a very few places. 
There is little room to suppose from the condition in which the 
plants are found that alternations of land, fresh and brackish 
water conditions caused the absence of animal life. It is certain 
that from the beginning of Oriskany to the end of Catskill, even 
during the formation of the Corniferous coral reefs, the Appa- 
lachian gulf was shallow everywhere. During the later time, 
when subsidence did little more than to keep pace with the inflow 
of sediment, the area nearest to the region of great drainage, 
whence large streams with rapid flow |)oured their material into 
the shallow basin, would show muddy lx)ttoms and muddy,* more 
or less brackish water, which would Ik* unfavorable to animal 
life of Chemung types. As the Appalachian land became nar- 
rower southward, the untoward conditions are less marked in that 
direction. Within the portion of the area lying within south- 
eastern New York and the immediately adjacent portion of Penn- 
^ivania, these conditions may have been l>egun as early as the 
Hamilton, as suggested b}' Prof. Hall.* 

The moUuscan fauna of the Chemung and Catskill is unques- 
tionably marine. Even the mollusks found in New York above 
the Oneonta sandstone l>elong to the ordinary forms. Of course 
it is possible, even probable, that at the extivme northeast there 
were small areas at the mouths of large rivers, where fresh water 
prevailed and fresh water mollusks liveil : but positive evidence of 
this is wanting. The Amp/i{(/eina found in the Oneonta sandstone of 
New York may be a freshwater form. ))ut it occurs in the Montrose 
.sandstone in southern Pennsylvania so far away from the old 
shore line that freshwater conditions seem, certainly, improbable. 

The stratigraphical relations of the fishes liave been generally 
misunderstood. The fishes exist for the most part not in the 
Catskill but midway in the Chemung: the celebrateil Uoloptychtu^ 
Bed, is the second ore bed of the '^Mansfield Reds,' and belongs 
at but a little way alx>ve the AlbgrippHu conglomerate, the Falls 
(^reek sandstone of Bradford county. It has yielded large num- 
bers of fish remains at several localities and it contains marine 
fo.ssils. t The Covcoi^tcns bed of AVarren countv is taken bv Prof. 



'^Scicnc4i 1880, p. 290. Prof. II. S. "NVllliams makes the same suggestion 
in Bulletin U. S. G. S. No. 41, but 1 have mislaid the references. 

+Sherwood in Ueport on Bradford and Tioga, pp. 63, 65, 79, 80. 



White to be the same with the fii-st Venango sand (//<ir/i-(nra.r^if 
conglomerate). Wherever the fishes are associated with any other 
form of animal life, that form is marine, so that the ordinary 
presumption should l>e that the fishes themselves are marine. 

A study of the fauna and its distribution shows us that, as far 
as any evidence exists, the conditions were marine from the be- 
ginning of the Chemung period to the close of the Catskill; that 
in the early Chemung, or possibly in the Hamilton, the conditions 
within northeast Pennsylvania and the adjacent portion of New- 
York became unfavorable to the free development of animal life; 
and that as time went on, these conditions were gradually ex- 
tended southward and westward, so that, toward the close of the 
Chemung, they prevailed in Columbia county, fifty miles south- 
east from the Delaware river and in Bradfoixl county, about the 
same distance west from the outcrop line. Before the close of the 
Catskill they had reached southward beyond James river in Vir- 
ginia, but had not extended much further west in Pennsylvania 
and New York. But, though prevented from existing in the 
muddy shallows, the animals existed further west in the basin, 
beyond reach of the river silts, so that just as soon as an oppor- 
tunity was afforded by a lull in the untoward conilitions, the 
active fishes found their way eastw^ard again, to be followed, if 
the inter\'al were long enough, by the more sluggish mollusks as 
in New York and in Roanoke and Russell counties of Virginia. 

One matter still remains — a few words concerning it, and T have 
clone. 

What are the relations of this great Chemung-Catskill group to 
the Lower Carboniferous? 

The Pocono or Vespertine or Lower Carl)oniferous sandstone, 
the lower division of the Lower Carl)oniferous, is practically non- 
fossiliferous throughout centnil and southern Pennsylvania, the 
only animal remains thus far discovered being those of mollusks, 
seen by Prof. White* in Bedford county, Pennsylvania, and those 
of fishes seen by Prof. Stevensont in Fayette county; but these 
have not been studied and their relations arc still unknown. The 
upper beds of the Pocono l)ecome calcareous in southwest Vir- 
ginia where the mollusks are umpiestionably Lower Carlxiniferou.s. 
The plant remains, obtained in Pennsylvania, are for the most 

♦Geology of Huotingdon County, p. 81. 
tOeology of Ligonier Valley, p. 57. 
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part imperfect, but an abundant flora exists near New river in 
Virginia, which has been collected by Mr. R. D. Lacoe. It has 
not been studied in detail, but enough has been ascertained to 
show tliat its facies is Devonian ratlier than Carlx)niferous.* The 
lower Pocono in Pennsylvania, containing thin coal beds, may 
pixjve to be the same with the series near New river, which 
disappears altogether liefore the state* line is reuche<l at the 

south, t 

The moUusean fauna of the Chemung shows no" intimate rela- 
tion to that of the Lower CarlK)niferous. True, not a few Car- 
Iwniferous genera characterize the (Miemung, but in like manner 
some Devonian genera characterize the Upper Silurian. The 
plant remains of the Chemung show somewhat greater affinity to 
the C^arboniferous. )>ut there is not enough of the material to jus- 
tify positive conclusions in any direction; at the same time these 
plants are closel}' allied to the Erian flora of Canada, occupying 
a somewhat similar position in the geueml column. 

The physical break between Pocono and Catskill seems to be 
sufticiently well marked at most localities along the eastern out- 
CiHjp, as well as along the southern lH)rder of IVnns^ivania; so 
that where Pocono and Chemung go beneath the surface they are 
sharply separated. The Poc'ono goes under in Fayetti*. and West- 
moreland counties of Pennsj'lvania, as a sandstone containing 
very little shale; but when it reappears in northwestern Pennsyl- 
vania, in (h'awford county, it is sandstone on to}) with much shale 
below, so that the separation from the underlying Chemung is by 
no means so distinct. Prof. White, in making his correlations 
with Ohio, found difficulty in determining the equivalents of the 
(Meveland and Bedford shales of that state, which were regarded 
then as belonging to the Waverly or I^ower Carboniferous. But 
I^rof. Edward Orton, several yeai"s ago, found it necessary to 
place the Cleveland shales in the Devonian; and still more re- 
cently, Prof. Herrick's detailed studies have shown that the Bed- 
ford shales carry the Chemung fauna, as was suggested many 
>-ears ago by Prof. Hall. But beyond all doubt, the lower por- 

♦J. P. Lesley in A Dictionary of Fossils Found in Pennsylvania and 
elsewhere. \ol. IlL Addenda, p. x in. 

tit Is worth noting here that, during the study of Wayne and Susque- 
hanna counties, Prof. White placed the upper limit of Catskill nearly 
400 feet higher in the column than he did in his later publications. It is 
not at all improbable that his original plane of division may prove to be 
the proper one for the whole eastern outcrop to beyond New river. 
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tion of the Pooono in Crawford count}' shows an unoxpected re- 
lation to the Devonian,* for at about 200 feet below the Shenango 
j^andstone, thercs is a pei*sistent limestone, which, though non- 
fossiliferous in Crawford, carries many fossils in Warren and 
Venango counties. It is found also in McKean. The fossils 
from Warren and Venango have not been studied, but Prof. 
Whit4> saj's that one of the spirifers suggests S. lUsjnncta, 
Chemung forms occur at the base of the Com* sandstone, which 
Prof. White thought to be the equivalent of the Bereagritof Ohio. 
In McKe^n countyt Prof. Hicks found Chemung forms passing 
up into the Mauch Chunk or upper division of the Lower Car- 
boniferous and associated there as well as in lower l)eds with- 
^'Waverly forms", seven Chemung species having Ijeen found 
with seven determined and eleven undetermined species, regarded 
by him as of '^Waverly type." Prof. H. S. Williams! has shown, 
in his discussion of the fossil faunas of the Upper Devonian, that, 
at some localities in southwestern New York and northwestern 
Pennsylvania, species belonging to the Chemung fauna lingered 
even into the shales underlying the Glean conglomerate, which is 
the floor of the Coal Measures. It is sufficiently clear that, while 
the passage from Devonian to Carl )onif emus along the eastern 
outcrop and for many miles west and northwest from it. was 
marked ])y great physical changes, no serious disturbance oc- 
curred in the region of northwestern Pennsylvania and the ad- 
joining portions of New York and Ohio, where the passage was 
so gradual as to permit the Chemung fauna to overlap that of the 
liOwer Carlx>niferous. But the fact that, at some locality or in 
even a somewhat considerable area, the passage from Chemung to 
Carboniferous is not marked by abrupt change in sedimentation 
and by a sharp limitation of faunas is not a good reason for em- 
l^racing Chemung in Carboniferous. Other portions of the Ap- 
palachian region might be selected which would afford material 
for verj- different generalizations. 

If local continuity of sedimenUition is to be aceepteil as of 
itself a good basis for grouping rocks into ages, one would be 
compelled, within a considerable area of Virginia, to include in 

^Geology of Crawford and Erie counties, p. 88. 

tL. E. Hicks in Report on Geology of McKoan County, etc. pp. 30-31 . 

JH. S. Williams; Bulletin of the United States Geological Survey, No. 
41. Cliapter iv. 
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one age all rocks from the Hudson River shales to the top of 'the 
Pocono, for there one finds no interruption, except a streak of 
Lower Helderberg, so thin that only one observer* has seen it in 
place, though others have seen fragments of chert suggesting the 
presence of that gi-oup. Nor is the fact that there are localities 
where the passage is not abrupt, is not marked b}' destruction of 
the fauna, necessaril}' a good reason for joining two consecutive 
groups. On such a basis one would have no difficulty in carr3ing 
the Carboniferous downward so as to include the Lower Silurian, 
or upward to include the Pliocene. Thus in northwestern Penn- 
sylvania, Chemung fauna lingered into the Lower Carboniferous; 
in south central Pennsylvania and Maryland, Oriskan}' and Jjower 
Helderberg fossils are mingled together in a transition l>ed.t 
Ordinarily the ])reak between Lower and Upper Silurian is well 
marked, but in southern Pennsylvania, J the Hudson river forms 
occur sparingly in the lower Medina, while in southwest Virginia^ 
Hudson River fossils occur abundantly to within a few feet of the 
upper Medina; so that even on the easterly side of the Appa- 
lachian basin it would be eaj*y to prove no break between 
JiOwer and Upper Silurian, Upper Silurian and Devonian, De- 
vonian and Lower Carboniferous, Lower and Upper Carl}on- 
iferous. Dr. C. A. Whitell has told us how the line between 
Palfleozoic and Mesozoic disappears in the southwest, while 
to not a few of us the gradual shading away of Mesozoic 
into Cenozoic lirought a sufficiency of burdens in the past. 
General, not circumscribed, conditions must Ije taken as the 
basis of suMivision of the column. The separation l>etween 
Lower Carlioniferous and the Upper Devonian is too well marked, 
physically as well as palwontologically, over an immense areA to 
lie ignored for any but the most cogent reasons. 

But may not the Catskill as well jis some portion of the 
Chemung be contemporaneous with the lower beds of the Lower 
Carboniferous of Ohio? Prof. HerrickH has shown that the base 
of the J^wer Carlxjnifcrous there cannot come below the Berea 



*Capt. C. R. Boyd, in personal communication. 

tOeology of Bedford and Fulton Counties, p. 86. 

JLoc. cit. p. 92. 

^Stevenson; proc. Amer. Phil. Soc. Vol. xxir, p. 138, xxiv p. 85. 

lAddress as Vice President before Section E of A. A. A. S. 1881K 

^C. L. Herrick; Bulletin Geological Society of America, Vol. ti, p. 84 
et seq. 



grit, lie has shown also how intimately related the Bedford 
shale is to the nnderlying Cleveland- Erie shale, and that forms of 
Lower Carboniferous type made their appearance only toward the 
•close of the former, so that there the faunas overlap as in north- 
western Pennsylvania. It is possible that when the detailed re- 
vision of the Devonian column has l)een carried across from 
ea^stern New York bv Prof. II. S. Williams into Ohio, the beds 
of the Catskill will be found interlocking with beds of other 
tints, which in Ohio become the Bedford and (Meveland shales. 
If we lH?ar in mind these facts: 

First, that the Chemung and Catskill deposits were laid down 
in a shallow basin subsiding most rapidly at the east and along a 
line rudely parallel to the lUue ridge trend. 

Secondly, that the deposits would bo much greater near the 
main land at the oast than at 200 miles awav ; so that 000 feet 
more or less of fine material in Ohio would more than fairlv 
represent the 4.000 feet, more or less, of (Uiemung in eastern 
Pennsylvania. And 

Thirdly, that the water beyond the reach of the great land 
wash held a Chemung fauna throughout the whole time of ('ats- 
kill deposit — there will be no serious difficulty in the way of ac- 
cepting this suggestion. 

The conclusions to which I am led are 

First. That the series from the beginning of the Portage to 
the end of the Catskill, forms but one perioil, the Chemung, 
which should be divided into three epochs, the Portage, the 
Chemung and the Catskill. 

Secondly. That the deposits of the (^atskill epoch were not 
made in a closed sea or in freshwater lakes. 

Thirdly. That the disappearance of animal life over so great 
part of the area toward the close of the period, was due to gradual 
extension of conditions existing in southeastern New York as 
early, perhaps, as the Hamilton period. 

Fourthly. That the (Miemung period should be retained in the 
Devonian. 
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PRINCIPLES AND METHODS OF GEOLOGIC COR- 
RELATION BY MEANS OF FOSSIL PLANTS* 

By Lester F. Ward, Washington, D. C. 

In Jill work ou geologic correlation, whether b}- means of foBsils 
or of stratigraphy, the modern doctrine of homotaxis should, I 
think, be care full}' kept in mind, as it is now well recognized that 
identical forms do not necessarily indicate indentity of age. 

In the eighth chapter of his well known work on Paleontology, 
M. Pictet lays down the following general principle: **Contem- 
l>oraneous deposits, or those formed at the same epoch, contain 
identical fossils. Conversely: deposits which contain identical 
fossils are contemiKjraneous. "t 

Schimper, in his Vegetable Paleontology accepts this state- 
ment and adapts it to plants in the following form: '^Contempo- 
raneous deposits, or those formed at the same epoch, contain 
floras, if not completely identical, at least homologous, and con- 
secjuentl}' deposits that contain identical or homologous floras are 
contemporaneous. "+ 

Nine yeai*s after the appearance of the second edition of Pic- 
tet's work, above ([uoted, and seven years before that of Schim- 
per's first volume, viz., on the 21st of February, 1802, professor 
Huxley, in his annual address as president of the Geological 
Society of London, gave utterance to sentiments widely at vari- 
ance with these, l)ut the soundness of which has been more and 
more clearly felt with each addition to geological knowledge. 
Although in this address Prof. Huxley did not cite the above 
propositions of Pictet, and contented himself with making a much 
milder statement of the position of paleontologists, he took up 
the ([uestion of the assumed contemporaneity of the dejwsits con- 
taining identical fossils and apropos thereof exi)ressed himself in 
the following language: -Succession implies time; the lower 
meml)ers of a series of sedimentar}' rocks are certainly older thau- 

♦Read before the Geological Section of the American Association for 
the Advancement of Science, Washington meeting, August 21, 1891. 

tLes terrains contemporains ou formes il la mf^me (^poque renferment 
des fossiles identicpies. R^ciproquement; les terrains qui contienent 
des fossiles identiques sont contemporains." Trait<5 de PalC^ontologle, etc., 
par F. J. Pictet, 2d ed., Vol. I, Paris, 1853, \\ 100. 

J'*Les terrains contemporains ou form^^s il la mOme epoque renferment 
des flores, sinon compR'tement identiques, du moins homologues, et par 
conB^'Mjuent: Les terrains qui renferment des flores identiques ou homo- 
logues sont contemporains." Traits'* de PaK*ontologie V<^g<^tale, etc; par 
Vf. Ph. Schimper. Vol. I, Paris, 1809, p. 100. 
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the upper; and when the notion of age was once introduced as the 
efjuivalent of succession, it was no wonder that correspondence 
in succession came to l)e looked upon as correspondence in 
age, or conteniix)raneity; and, indeed, so long as relative age 
only is spoken of, correspondence in succession U correspondence 
in age; it is relative contemporaneit}'. 

But it would have been much better for geology if so loose and 
ambiguous a word as * ^contemporaneous" had 'been excluded from 
her terminology, and if, in its stead, some term expre^jsing simi- 
larity of serial relation, and excluding the notion of time alto- 
gether, had been empjoyed to denote correspondence in position 
in two or more series of strata. 

In anatomy, where such correspondence of position has con- 
stantly to l>e spoken of, it is denoted by the word «4iomology'* and 
its derivatives; and for geology (which after all is onl}' the anat- 
omy and physiology of the earth) it might l>e well to invent some 
single word, such as, '^homotaxis' (similarity of order), in order 
to express an essentially similar idea." 

The term ''homotaxis*', thus introduced into geologic terminol- 
ogy, has been widely accepted, and is now in constant use, even 
by those who have not taken the trouble to inquire how it origi- 
Qate<l. The geologist considers the stratigraphical and lithologi- 
cal relations and the paleontologist the related organic forms. 
As regards the latter class of workers, they are, I believe, agreed 
that two deposits should be considered homotactic* when their 
floras or faunas show a sufficiently large number 6f identical or 
closely allied species, or contain to a considerable extent the 
same types of life. 

1 fully share with Dr. Newberr}' the view that fossil plants 
may be made of great value in the correlation of geologic strata, 
and also that when properly understood there will remain no con- 
flict Ijetween animal and vegetable fossils. The difficult}' has all 
along been that the science of paleo1x)tany is in an unsettled and 
nnorganizetl state, and that correct principles have been wanting 
for the application of paleobotanical data. It is not claimed that the 
science has advanced to the jwint where its usefulness is at its highest 
stage; it is still as it were in its infancy. Nevertheless a sufficient 
body of facts now exist to make it a useful aid to geology. 

♦This seems the proper adjective form, and not "honiotaxiar' as some 
authors write it. 
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I propose, ill this paper, to first set forth a few principles which, 
as it seems to me, should govern the study of paIeol)otany as an 
aid to geologic correlation, and tlien to explain the methods which 
I have adopted for tlieir application. 

I. Principles. 

Bearing in mind the law of homotaxis, and not forgetting that 
similar floras may have flourished in ditferent parts of the world 
at ditferent times, it nevertheless still remains true that the oc- 
currence of similar floras in ditferent parts of the world, has a 
strong bearing upon the question of the age of the strata in 
wliich these floras occur. That is to sa}*, although these floras 
mav have flourished at ditferent times, the ditference between the 
epochs at which they grew cannot be verj' great, and while an 
exact identity of age cannot be predicated, still it is safe to say 
that deposits containing similar floras must have l>een laid down 
at no great distance apart chronologicalh^ speaking. 

The great types of vegetation are characteristic of the great 
eix)chs in geology, and it is impossible for types of one epoch to 
occur in another. For example : It frequently happens in a region 
which is mucli broken up that the stratigraphical geologist is 
greatly puzzled to determine the relative position of certain rocka. 
The time has gone by when geologists rely implicitly ui>on the 
appearance of the rock in determining age, and rocks of Carbon* 
iferous age mav have so close a resemblance to those of Tertiarv 
age that it is impossil»le to distinguish them lithologically. In 
such cases a single characteristic fossil found in place is sufficient 
to settle the question. The fossil may be a mere fragment not 
specifically determinable, but if its reference to a great type of 
vegetation is certain this is as conclusive as if it weiv known to 
what species it belonged. For example, a dicotyledonous leaf 
from a stratum supix)sed to ])e Carboniferous, enables the paleo- 
bolanist to say with absolute certainty that such a reference is 
impossible. On the other hand a single scar of Lepidodendi^on 
or Sigillaria from a deposit supposed to lie Tertiary or Mesozoio 
is e([ually conclusive. It may be said that such cases are not 
common, but I have had in my limited exiierience a numljer of 
instances of precisely tliis nature where thoroughly competent 
geologists were much perplexed, and were set right by such a 
sin«:le fact. 
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The celebrated case of the beds of Chardonet, department of 
Ilautes-Alpes, studied by E lie de Beaumont in 1828, and positively 
referred to the Mesozoic, but in which fossil plants of the genera 
Calamites, Sigillaria, and Lepidodendron were identified by 
Brongniart, is one of the best illustrations of this principle. 
And although, so young was the science of paleolx)tany at that 
time, tliat Brongniart himself was inclined to admit that these 
genera might occur in the Mesozoic, still, long before his death 
tins was known to be impossible, and no paleobotanist would now 
hesitate in a similar case to tell the geologist that he had cer- 
tainly made a mistake in his stratigraphy. 

But in the determination of nearly related strata this is not 
possible, and limited material or single fragmentary specimens 
are not adec^uate. For such cases in order to be certain it is 
necessar}' to have a body of facts ; in other words a fair series of 
good specimens of fossil plants is rec^uired bef9re the paleol)otan- 
ist ought to attempt to express his opinion with regard to the 
exact age of the deposit in which they are found. Most of the 
serious mistakes which have been made, and which have gone far 
to bring the science of paleolK)tan3' into disrepute, have resulted 
from neglecting this principle. Purel}' stratigraphical geologists 
have no conception of these laws, and a paleoljotanist has to deal 
with them very much as he would deal with the notions of un- 
scientific persons. They are constantly bringing him mere frag- 
ments and only isolated specimens, not perhaps specifically de- 
terminable, and they expect of him that from such material he 
will be able to tell them the exact age to which it belongs. This 
is simply impossible, and the paleobotanist who will base definite 
conclusions upon such material is certain to err. 

On the other hand, where such a sufficient body of facts exists 
paleobotany becomes as conclusive for more nearly related forma- 
tions as for more widely separated ones. As an illustration of 
this, take the claj's of Gay Head, Massachusetts. There is no 
spot more tempting to the stratigraphical geologist in this coun- 
try than Gay Head. Beautifully stratified clays of varied hues 
marking the dip and always freshly worn, form a precipitous clitf 
visible as a gayly colored object from great distances at sea; and 
about the first work that geologists did in America was to attack 
the problem of the age of this cliff. The records of this work 
date back one hundred vears, and the names of the most eminent 
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geologists of the I'nited States have been associated witli it. As 
a final outcome of all this stratigraphic work in such an inviting 
field, the conclusion has been at last announced by Professor 
Shaler, within the last two vears, that these clays are of Tertiary 
age (Miocene or Pliocene). Almost simultaneously with this 
authoritative announcement, a young paleolK)tanist, Mr. David 
White, of the United States Geological Surve}'. visited this 
six)t and spent a summer in obtaining a collection of fossil plants. 
A few fragments had hitherto been found, and one or two of 
them had been figured in the works of Dr. Hitchcock. But such 
limited material was of no value. The specimens were obscure, 
and nothing could be concluded from them. Mr. White made 
a large collection of fine specimens of fossil plants. They were 
shipped to Washington, and he has determined them. They are 
found to be nothing more nor less than types of the Amboy cla3's 
of New Jerse}', and therefore represent the Cretaceous. 

This discovery has a wider significance than the mere proof that 
the plant bearing strata at least, of Gay Head are Cretaceous ; it 
also proves that the Amboy clays of New Jersey, after passing 
eastward and reappearing on Long Island stretch still farther in 
that direction, and probably underlie most of the glacial deposits 
of Block Island, the Elizal>eth Islands, Martha's Vineyard, and 
Nantucket. Thus has paleobotany, legitimately employed, set at 
rest a question which stratigraphical geologj' could probably never 
have answered. Many other illustrations of this principle might 
be given, but this one will suflflce for all. 

There is one other principle to l)e considered, the ignoring of 
which has long been a stumbling block to geology, and to paleo- 
botany as well. It is indeed im))ossible to overestimate the im- 
portance of the correct systematic determination of fossil plants. 
The doubts which exist with reganl to the true nature of man}- of 
the vegetable objects found in the earth's strata, have led to great 
skepticism on the part of many with regard to the value of paleo- 
l)otany as a science. Botanists in particular, who have had some- 
thing to do with paleobotany, are as a rule much disapiK>inted. 
Accustomed as they are to having before them the entire structure 
of the plant, all its parts and organs, not only of vegetation, but 
of reproduction, they have little patience with such fragmentary 
material as constitutes the bulk of most collections of fossil 
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plants. Aiul geologists are apt to reflect their opinions and to 
join with them in condemning paleobotany. 

There are two answers to all these objections. There is an 
answer to the botanist, and a separate answer to the geologist. 
The answer to the botanist is that, considering the conditions 
under which we find these specimens, there reall}' does exist a 
large amount of information of a somewhat exact and reliable 
kind with regard to the past history of vegetation. Aside from 
the fact that at some points on the earth's surface fossil floras are 
known to exist which almost equal in number of species the ex- 
isting floras of the same localities, there is the further answer that 
paleobotany teaches us to study more carefully the fragmentary 
remains that we find ; it sharpens our powers of obsen'ation upon 
the facts which are in our possession and has added not a little to 
our knowledge of botany proper. For example, it is the habit of 
lx>tanists to figure leaves so carelessly that the paleobotanist is un- 
able to tell the genera to which they l)elong. This is chiefly due 
to the fact that they ignore, as a rule, the exact nen'ation of 
leaves, and are content to figure them almost from the stand- 
I)oint of the artist, merely for the sake of the etTect. Paleobot- 
any has taught the botanists tliat the nervation of leaves is im- 
l>ortant, and that wherever possible it should l>e carefully figured. 
We are indebted to fossil plants for the discovery that nervation 
in leaves is of generic rank, whereas form, upon which the bot- 
anist chiefly relies, is usuall}' only of specific rank. Leaves, 
therefore, which show ner\'ation are not useless in determining 
species, but are valuable, and by them alone genera may in many 
cases be made out with certaiutv. 

Still answering the botanist, it may be further urged with jus- 
tice, that in the case of nearly all problematical forms as ancient 
as the Cretaceous, it must not l)e supposed that the genera can l)e 
determined by comparison with genera of living plants. It is to 
be expected that the genera with which we are dealing in these 
ancient strata, are extinct, and all that we are called upon to look 
carefully for is evidence of their being related to or the ancestors 
of our modern plants. 

. The answer to the geologist is still more conclusive: in fact he 
has no right to raise any objection whatever. It really makes no 
diflference to him whether the form that the paleobotanist has 
named, is correctly named or not; this question is one of purely 
biological importance, it is one of no geological imi)ortance. But 
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that which is of geological importance, is that the form in ques- 
tion be distinctly recognized, that it he carefully portrayed, and 
that what has been found be chamcterized in accurate descriptive 
language and represented b}' clear and careful delineation. There 
must be no doubt when the same form is seen again at a different 
locality, as to whether it is reall}' the same form. This is a vital 
point with the geologist. If the form, no matter what it may 
reall}' l)e, is something clear and distinct, which can \w recognized 
when seen anywhere, and if it is characteristic of a given horizon 
or locality, it becomes to that extent of value in Hxing the relar 
tive age of any other dei>osit in which it may be found. If only 
found in two localities or at two points on the earth's surface the 
deduction, though not absolute, is legitimate that unless there is 
evidence to the contrarv the two localities are of somewhat simi- 
lar geologic age. But if the object )>e verj' abundant, and char- 
acteristic of some well known group or horizon, then it is that it 
l>ecomes of great importance as a characteristic fossil, independ- 
entl}' of how much maj* l)e known of its true botanical nature. 

II. Methods. 

I pnjpose next to indicate the general method which 1 have 
adopted in the application of these principles to geologic correla- 
tion by the aid of fossil plants. 

In a bix>ad sense this, of course, consists in the comparison of 
similar floras, and the conclusion from them of similarity of age; 
but there are many limiting circumstances to be taken into the 
account. If the localities at which similar floras occur are not 
widel}' sei)arated geographically, the conclusion of similarity of 
age is more or less reliable. For example, when we find that the 
flora of the Richmond coalfield is verv* similar to that of the North 
Carolina coalfield, the inference that these* two coalfields are of 
similar age is wholly legitimate. And even when we find the 
same species, to a considerable extent, in the Triassic of New 
Jersey and in that of Connecticut and Massachusetts as occurring 
in Virginia and North Carolina, the inference cannot be very 
wide of the mark that the strata containing these plants were de- 
posited at alx)ut the same time from Massachusetts to North Carolina. 

In proportion as these similar floras are separated geographi- 
cally the inference of the similarity of age and deposition grows 
weaker, but it will remain strong as long as the two localities are 
on the same continent, or as evidence exists that an unbroken sea 
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once stretched all the way from the one to the other, or that sim- 
ilar lakes or estuaries existed in both parts of the continent at 
the same time. Such is the case when we compare the Triassic 
of the eastern states with that of New Mexico, Arizona, and 
Central America, and although the floras of these widely sep- 
arated pai*ts of the American continent are considerably differ- 
ent, still it has been argued b}' eminent geologists that the oc- 
currence of a large number of identical species, and a similar 
facies in the type of plants indicate the former existence of a 
gi'eat Triassic sea of nearly uniform age, from New Mexico ta 
Honduras ; and not widely ditferent in age from the correspond- 
ing one which extended on the eastern side of the continent from 
Massachusetts to North Carolina. The same principle could Ije 
applied to many other epochs in geologic history. 

What then is the specific method adopted in comparing floras? 
It may be briefly defined as the preparation of tables of distribu- 
tion and their discussion. As already remarked, the more com- 
plete the flora of any group to be considered is the more accurate 
will he the comparison. Therefore the first work to be done is to 
make a complete list of all the fossil plants that have been found 
in the given group. This list of species may be primarily re- 
ganled as wholly unknown geologically. 

If there are several distinct localities, areas, or l)asins which 
are suspected to be of similar age, the species or forms that occur 
in each of these must first be enumerated separately and compari- 
sons made to ascertain to what extent thev are the same or simi- 
lar for the different florules. This is what, in mv Triassic work I 
have called the American distribution. The numljer of forms 
common to any two such areas will indicate the lx)tanical resem- 
blance between such two florules. Thus in the Triassic flora of the 
United States as known at the present time, the following table 
shows the number of species common to two or more of the basins: 





Areas 


Areas 


;Ne\v Jersey 

and 

Peiiniiylviiiiitt. 


Virginiti. 


■North Carolina 


New Mexico 

und 

Arizona. 


Connecticut Valley 

New Jersey and 

Pennsylvania ... 

Virginia 


•» 


5 

4 


10 
20 


1 




North Carolina... . 





But as the number of species occumng in the diflTerent basins 
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is very ditfereiit those figures might lead to an erroneous im- 
pression. What it is desired to learn is the relative preponder- 
ance in an}' florule of species common to other tlorules. This can 
only be shown by a table of percentages. For the Triassic basins 
of the United States I present this information in the following 
form: 



Basins or Areas. 


1 

Occurring lu 


Cunflii«Ml to- 


Common to and 

(K>me other 

baitin 


Per cent. In 
other baHinM. 


OoDDecticut Valley 
New Jersey and ) 
Pennsylvania. \ 
Virginia 


23 
18 

m 

52 
13 


la 

5 

34 
25 

11 


9 
13 
22 

fit 


39 
72 
39 


North Carolina.... 

New Mexico and { 

Arizona S 


52 

15 



Considering the well known fact that in almost any new local- 
ity for fossil plants, the majority of the forms found will be new 
to science, the percentages of common species here shown, with 
the exception of the western basin, are large and may fairly be 
taken to prove actual or approximate contemporaneity of de- 
position. 

The next step is to ascertain how many of the species have 
been found at other localities and horizons. This is what I have 
denominated their foreign distribution. To show this a table is 
prepared with columns for such different foreign localities, ar- 
ranged in ascending geological order, the lines of which are oc- 
cupied by the species found in the locality to be compared. The 
species that have been already described from other localities and 
horizons are then indicated in the proper column by some char- 
acteristic mark. The range or geologic history of each species is 
thus recorded upon the same line on which the species is written. 

Such a detailed table of distribution of the sjiecies of any 
given group, is exceedingly simple and elementary; and in so far 
as it goes recjuires no explanation. But there are other considera- 
tions to be taken into the account. In all the lower forms, consist- 
ing ehiefi)' of cr\'ptogams, cycads, and conifers, two facts ai*e to 
be considered: In the first place it is to be remembered that our 
knowledge of the nature of these ancient forms is not sufficient 
for us to predicate with certainty their generic relationships. They 
are usually extinct forms and are given names accordingly as ex- 
tinct genera. In the second place, as all paleontologists now 
know, the ancient forms of life on the globe were less definite, or 
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as it is expi'essed in modern scientific language, less completely 
differentiated than they are at the present day. The consequence 
is that we are all the time changing from one genus to another, 
and from one family to another as the evidence accumulates. 

Now there is no doubt that the later forms of life, both animal 
and vegetable, have develope<l from earlier forms, and these 
transition stages in the paleontologic record enforce this truth far 
more strongly than any facts in the living faunas and floras of 
the globe. Assuming then that the later floras are derived from 
the earlier ones, it is of the utmost importance, not only to the 
botanist, but also to the geologist, to trace these ancestral rela- 
tionships of plants, and this can be done with considerable suc- 
cess. Therefore in the preparation of a table of distribution we 
must not confine our attention exclusively to the species which are 
found in the group to be compared. In fact so variable are these 
ancient forms that it would be impossible to do this. It would l)e 
ver}' misleading to be guided exclusively by the names given to 
the species. The forms differ in different localities b}' such slight 
divergences that the personal equation of the describer would 
vitiate such a calculation. Some would join similar forms from 
different localities, others would separate them as distinct species, 
and the historj' of the nomenclature of paleobotany is merel}' a 
record of these apparently' conflicting determinations, but which 
in reality after all, .merel}' show that the forms are more or less 
closely related, although the}' can never agree in all respects. 

This, therefore, is the diflficult part of the preparation of a 
table of distribution, viz. , to select not only the species which 
are universally regarded as identical in two or more horizons, but 
also such as are believed to be related to those of the group under 
consideration. There is danger on the one hand of leaving out 
Important related species, and on the other hand of introducing, 
as related species, those which really have no aflflnity. Without 
dwelling upon the details of this difificult part of the task, it must 
be assumed that the paleolx)tanist, if skilled in his craft, possesses 
that judgment which will enable him to distinguish the truly re- 
lated species from those which are only apparently so. To the species 
then which all admit to occur at more than one horizon or in more 
than one place, and which we will, for the sake of brevity, de- 
nominate identical species, must now be added to those which are 
related to species of the group, and which may be calle<l rehitcd 



or aUif'd species. But this introduces a new element into the 
table since it is manifestly impossible to indicate these relation- 
ships by the same means which were used to indicate identity. 
It is necessary to use a separate line for each of these related 
species ; also to use an additional column at the left hand of the 
margin in which to write their names. It is then |)ossible to use 
the same sign for the related species as was used for identical 
species, and to carry out its geological distribution in the col- 
umns as aljove described. 

Such a table is useful when one wishes to follow out any one 
particular species, and to trace its distribution to other localities 
and horizons. But it does not give a comprehensive view of the 
relationships of the flora in general ; the data which it contains 
require to be condensed into more convenient form. 

The first step in such condensation should probably be the ar- 
rangement of all the species in the ascending geological order, 
of the formations in which thej' also occur. It is instructive in 
such a table to show the indentical and the related species for 
each formation separately; that is to saj', all the species together 
which are found at the lowest, next lowest, third lowest forma- 
tion, etc., of the entire range of the group. In this w^ay those 
honzons at which the largest number of species occur are clearl}' 
brought into view, not only by the number of species which 
occur in them, but also bv the relative numl^er of those which 
are identical to those which are merelv allied. 

This condensation ma}' be still further generalized by the re- 
duction of the list of species to the numerical form; that is, by a 
statement of the number occurring at each horizon without 
enumerating the species at length. Just as in the table last men- 
tioned the same species will often be several times repeated, so in 
the table now under consideration,* the numbers in the columns 
include such over-lappings. Hitherto we have considered the sub- 
ject only from the geological standpoint, but it is of interest to 
geology as well as to Iwtany that some classification be made of 
the prinoii)al types of vegetation embraced in any flora. As the 
table last described is very short it is possible to introduce some 
su(!h classification in it. In discussion the Triassic flora, which has 

♦This table appears in the Bulletin of the Geological Society of America, 
Vol. iii, p. 20. The larger tables used to illuKtrate this paper will be 
published in my essay on correlation, in preparation. 



Gvohnjie ( 'orrt'ltftfon, — Wtfrtf. 4:5 

been tlic banis of my reiiuirks upon the method pursued, I have 
here shown the number in each horizon respectively, of ferns, 
ec{uiseta, rhizocarps, c^'cads, and conifers, tliese being the only 
types represented in the foreign distribution of that flora. 

The method of reasoning with regard to the age of the forma- 
tion from data 'of this kind, is important to be considered. Tlie 
usual way is to prepare only some such extended table as tlie fii*st 
one described, often without taking account of related species, 
and then to proceed to discuss each species and its bearings upon 
the age of the group. The data thus considered are only abso- 
lute, not relative, and conclusions drawn from them are apt to be 
very misleading. T have fre(iuently pointed out that the great 
mistakes of Heer and Lesquereux in placing the American plant- 
bearing strata too high in the geological scale was due to this 
fallacy. These geologists compared the Dakota group flora, the 
Laramie group flora, and all the higher floras of the United 
States with those of the Miocene of Europe and of the Tertiary 
of the polar regions. They laid great stress on the fact that 
species were found in these formations which could not be dis- 
tinguished from American species, or which could scarcely l)e so 
distinguished. Such an argument is of little value in view of the 
immense magnitude of the Tertiary floras considered. The Ter- 
tiary flora of Europe embraces elements of antecedent floras, aiui 
it is so well preserved that the number of these pre-Tertiar}' 
forms, holding over into the Tertiary, is far greater than the 
numljer of pre-Tertiary forms that have thus far been found in 
lower formations, which have yielded comparatively few plants 
A comparison, therefore, of the American Laramie group, for 
example, with the European Tertiary alone without considering 
the European Cretaceous flora, and without noting this continu- 
ance of Cretaceous types into Tertiary time, proved to be ex- 
tremely misleading, and resulted in the general impression, which 
still prevails in Europe, that our Laramie group is of Tertiary 
age. Perceiving this fallacy I was the first, and so far as 1 know, 
am the only one, to attempt an enumeration of the Cretaceous 
species of fossil plants with a view to their comparison with those 
of the Laramie group of the United States.* 

The system which I have just described obviates this fallacy. 

♦Synopsis of the Flora of the Laramie (Jroup, Sixth Ann. Kept, of 
the I'. S. Geo). Surv., pp, 44:»-514, 
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In fact it maken ii compari8on of the foniis determined with those 
of all the formations in which any of its species occur. In rea- 
soning with regard to it, therefore, one is constantly checked in 
considering any particular horizon, by the facts relating to the 
horizons both above and below. For example, in treating the 
Triassic flora in the numerical table last described, if one's atten- 
tion were confined either to the Oolite or to the Lias, one might 
conclude that either of these formations was near to the one to be 
determined. But dropping the e3'edown the column to the Rhetic 
it is observed that a considerably larger percentage of the same 
species, both identical and related, occur in this. 80 great was 
this similarit}' that Professor Fontaine decided that this must 
represent the nearest approach in geologic age to the Richmond 
coalfield. But the subsequent researches of Stur, with which 
Professor Fontaine was, of course, unacquainted, in the Keuper 
formation of Lunz, in Austria, and in the Keuper floras of 
Europe of nearly the same age, especially those of Raibl in 
Carinthia, and of Neue Welt in Switzerland, have shown that the 
Keuper flora of Euroi)e, although much less abundant, contains a 
larger number of American Triassic forms than does the Rhetic 
flora of Franconia, South Sweden, Brunswick, etc. So that al- 
though only a very few American forms occur at any horizon 
lower than these, nevertheless we seem compelled to conclude 
that this Upper Keuper horizon of Lunz, Austria, comes ne^irer 
to that of the American plant-bearing Triassic deposits than does 
any other in the world. 

Xow the question may arise whether all this really proves any- 
thing. Where two floras as old as the Trias and as widely sepa- 
rated as Austria and Virginia are found to agree so remarkably 
in the forms they contain, is it legitimate to conclude that the age 
of the one was the same as that of the other? Certainly not. 
And yet, if facts like this do not prove that there existed an 
ei)och on hoXh sides of the Atlantic, which to all intents and pur- 
poses may be regarded as simultaneous, then all paleontologic 
data are without value. The fact to be borne in mind is that the 
correlation established b}' such data is homotactic and not neces- 
sarily' chronologic. Reasons may exist why the same types may 
have come upon the stage at a later or earlier period at one of 
these localities than at the other. But of the nature of thepe 
retardations or advancements we are without scientific explana- 
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tion. What we possess is the general fact that a siniihir flom 
once existed in two parts of the world very widel}' separated, and 
until some other facts are discovered which complicate and vitiate 
such a conclusion, it is both safe and useful for the geologist to 
reganl the two deposits as belonging to the same geologic age. 
There are certain limitations within which this must be true, and 
when these limitations are recognized the paleontologist may as 
safelv draw his conclusions as he could before the law of homo- 
taxis ha«l lK*en formulated. 



ACE OF THE LIMESTONE STRATA OF DEEP 
CREEK, UTAH, AND THE OCCURRENCE 
OF COLD IN THE CRYSTALLINE POR- 
TIONS OF THE FORMATION. 

By William P. Blake, Shullxburg, WW. 

The Deep Creek n'gion, so called, lies along the western lx>rder 
of UUih territory and nearly southwest of the Great Salt lake. 
It bonlers upon the state of Nevada, and has lately been brought 
into prominence by reason of the development of deposits of 
argentiferous lead ores and of aurifen^us copper ores. The pre- 
vailing formations are granite and limestone. The limestone is 
largelj" developed, and forms ranges of hills and mountains of 
considerable extent, trending generally in a northerly and 
southerlj' direction, parallel with the ranges of Tintic and of the 
southern end of Salt lake. The principal range, known as the 
Ibapah, forms the eastern side of Deep Creek valley. Ibapah 
mountain, the highest peak of the range, is said to be the 
highest mountain in Utah; higher even than an}- of the grand 
mountain masses of the Wahsatch, not excepting Mt. Xebo. 
Ibapah is flanked on the north b}' massive strata of limestone^ 
which in some places, notably at Gold Hill, are much uplifted 
and metamorphosed apparently by intrusions of granitic and 
porphyritic dykes, the alteration consisting in loss of color (the 
ordinary gmyish-blue color being changed to white), a coarse 
crystallization, and the formation of a variety of silicates, such 
as garnet, tremoiite and tourmaline, especially near the planes of 



48 The American Geolc»glttt, January, 1^9-2 

contiict witli the dykes. Tliere is alwo more or less mineralization 
in places, either in the form of vein-like beds, or in isolated 
patches and bundles at a considerable distance from any crystal- 
line rock — but not outside of the crystalline and whitened por- 
tions of the limestone. This last observation applies particularly 
to some of the copper ores found in the midst of the limestone 
•existing primarily as the variegated sulphuret — erubescite. These 
ore nodules have decomposed and have formed green carbonate of 
copper, which stains the rock for a considerable distance around 
And beyond the original nodule, or bunch, of sulphide. In such 
places free gold of high grade may be found l>y crushing and 
washing the rock. This noble metal occurs also independently 
of any cupriferous mineralization in the midst of masses of 
colorless tremolite, in coarse grains and strings in ver}' much the 
same form in which it is found in other regions ramifying through 
quartz. This is an unusual and unique association of gold. 
It has been found, but rarely, in close jissociation with gn^enish 
black hornblende in veins composed partly of ([uartz and partly 
of dolomite, but never before, to my knowledge, in white tremo- 
lite. This tremolite carries, also, some small disseminated crys- 
tals of iron pyrites. 

The limestone in which the gold occurs appears to be the Lower 
Carboniferous, or Mountain limestone, as shown bv an abundance 
of fossils, chiefly of the genus Productus^ found a short distance 
east of Gold Hill. 

Prom the fact that coarse gold in placer de|K)sits has l>een 
found at Osceola and its vicinity, nearly south of the Il)apah 
mountain, it would appear that there is a gold region extending 
north and .south near the Nevada and Utah line, and that the 
placers were formed during the period of great precipitation or 
rainfall which preceded the present era of gradual dessication 
At the place where gold is now taken from heavy deposits of 
l)0ulders and gravel, the flow of water is wholly inade([uate to the 
formaticm of such deposits. Probably the deposits were formed 
during the great glacial epoch of which there are such magnificent 
records in the Sierra Nevada, and the Wahsatch as well as in the 
Ancient beaches of lake Bonneville, i A good supply of water, 
even for ordinary purposes, is now out* of the greatest needs of 
the l)(»ep Creek region. 
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EDITOllIAL COMMENT. 



AKCUKAX ERUPTIVE ROCKS OF FlNNLANl). 

Studini nnher (irhitHehe hJruptictjesteiiu auHdcin sud w-HtHrhcn Finnlrittd. 
von J. J. Skderiiolm. (Minerahnj. uad pHrogr. Miith. Xff, 1S91. 

Tliis paper is an interesting and clear statement of the resnlts 
of detailed geological and petrographical studies, in a field whose 
general features have already been described and mapped by Dr. 
SedcTholm, in the Swedish language. 

The Archtean age of the rocks investigated is determined by 
the g(K)logical condition which obtains generally throughout very 
extensive regions in Finnland, viz: that the Cambrian and Silurian 
rocks are found constantly in a perfectly horizontal and undis- 
turbed attitude, while the underlying pre- Cambrian have been 
much folded and altered. In the field described bv I)r. Seder- 
holm the immediate superposition of the Cambrian is not ob- 
served, but the rocks he treats of are identical petrographical ly 
and in the conditions of their occurrence, disturbance and altera- 
tion with rocks the pre-Cambrian age of which is demon- 
strated; so that he infers them to have been in existence prior 
to the great epochs of disturbance and erosion, which antedated 
the Cambrian in this part of Europe, and hence Archtean. 

Among the ditferent formations which the author recognizes 
and describes may be mentioned first a series of phi/llitrs, mira 
xrln'sts and lionihlcjulc aclnsts, all of which appear to be altered 
setlimentary rocks. These altered sedimentarv formations are 
surrounded by granite rocks, which penetrate them in innumer- 
able dykes and veins, both transverse and parallel to the planes of 
schistosity. Foraportion of these granites the term ''AdfiyneiW 
is used as descriptive of its intimate interveining with the schists. 
Occurring in extensive masses there are two chief varieties of 
granites of quite different age, viz: (1). A grai/ (/nmite, rich hi 
plagioclase and having generally hornblende as a constituent. 
This possesses often such a well marked parallel structure that it is 
commonly alluded to as gneiss. This parallel structure is held to 
be a pressure etfect. In the midst of this granite there occur 
mtisses of basic rocks sometimes several kilometers in extent, but 
generally much smaller. These pass by gradations into the envel- 
oj)ing granite, and are held to Ijc more basic separations or secre- 
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lions from the same magma. These basic masses arc now in part 
much altered, but they may be classed with the diorites, gahhrox 
and pen'dotites. This gray granite formation is shewn to cover 
a much more extensive area than the schists, and it is held to 
constitute a geological unit and to be younger than the schist* 
with which it is in contact. 

(2.) A reddish granite with gurnets The feldspar is chiefly 
microcline, which is often in part intergrown with quartz in the 
manner of pegmatite. The mica is chiefly and sometimes exclu- 
sivel}' muscovite. Tlie coarser varieties of this muscovite gran- 
ite pass into pegmatite. This red granite is younger than the 
gra}' granite. The red granite also shews very commonly a 
parallel structure, but this cannot be ascribed so definitely to 
pressure effects as in the case of the older granite, but it is rather 
to be referred to some primary condition. Associated with these 
formations there is in the middle portion of the region examined 
a long belt, varying in width from two to seven kilometers, 
composed of fine grained rocks rich in hornblende, of which the 
most typical variet}* possesses a well marked porphyritic structure, 
and is known as nralitporphgrite. There are some minor varieties 
referred to, as melaphgre^ plagiorfase porphyrite, and amggdaJoid. 
which are genetically allied to the typical uralitporphyrite. Out- 
side of this belt there are other occurrences, but of limited extent. 
Notwithstanding the great alteration which these rocks have under- 
gone, it is possible to recognize their original characters. They 
constitute a series which accords perfectly with some of the 
younger volcanic rocks. The occurrence of vesicles, of rocks 
which were originally ghissy, and of tuffs and other volcanic 
ejectamenta is proof of the fact that for the development of these 
great eruptive formations there must have been a true volcanie 
activity. There was first an eruption of a comparatively acid 
magma, which solidified as a highly feldspathic andesite. There 
was at the same time, however, also a basic magma produced, 
from which arose melaphyre and plagioclase porph^'rite. The 
cause of the metamorphism of these rocks is sought for in the 
strong mountain folding which occurred in pre-Cambrian time. 
By this agency the eruptive formations buried deep in the crust 
were folded together and altered apparent!}' under the influence 
of solution. The relative age of these various geological forma- 
tions is determined by the following facts: The uralite porphyritc 
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formation is found in contact with the gray granite and the dio- 
ritic rocks genetically associated with it; it is also found in con- 
tact with the schists and with the red granite. From a critical 
study of these various contacts it is evident that the uralite por- 
phyrite formation is younger than the gray granite and the schists, 
but older than the red granite. Since the gra}' granite pierces 
the schists the latter are the oldest formation. The sequence of 
formations in order of relative age is therefore as follows: 

1. Phyllites ami schists. 

2. <Trav granite and associated diorites. 

3. Uralite porphyrite and associated rocks. 

4. Younger re<l granite. 

At the time of the extravasation of the unxlite porpiiyrite 
the schistose rocks had already been folded, and so deeply eroded 
that the underl3'ing granitic masses were exposed. It is probable, 
however, from the fact that the uralite porphj-rite sheets are so 
often found in contact with the schists and phyllites, that the lat- 
ter were not extensively or completely folded up at the time of 
the outflow of the volcanic rocks, and that a great portion of the 
disturbance was effected after that event so that the porphyrites 
were effected by it. 

The red granite travei*ses the uralite porphyrite in numerous 
places, but the contact metamorphism is insignificant, and the 
alteration of the volcanic rock is, j^ above stated, ascril>ed 
rather to agencies attendant upon crust crumpling forces. 

A perusal of the paper suggests some interesting |K)ints of 
analogy with the geolog}' of the somewhat similar regions of 
Canada. For instance the horizontality of the Cambrian of Finn- 
land is comparable with the flat undisturbed attitude of the 
Animikie rocks of lake Superior. The absence of any observable 
basement for the altered schistose sedimentar}' formations and 
the occupancy of the place of that basement b}' an irruptive and 
younger granite appears to be very analogous to the conditions 
which obtain in central Canada, as observed b}^ Dr. A. C. Lawson, 
in British Columbia as described by Dr. (1. M. Dawson, and in 
Nova Scotia as inferred from the descri{)ti()ns of Mr. Faribault. 
The gneissic character of the irruptive granites is also another 
feature which the rocks of Finnland and Canada have in common. 
And the establishment of the existence of true volcanic rocks, 
though much altered, in the Archiean of Finnland is in harmony 
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witli the conclusions which have been reached regarding the char- 
acter of many of tlie rocks of the Keewatin (Archtean) group in 
the region northwest of lake Superior. 

Karliest Man in Amkrica. 

The American Geologist, Vol. YIU., p. 180, September, 
18in, and the American Naturalist^ Vol. XXV., pp. 991 and 
1084. November, 1S91, note the important additions that have 
been made to our knowledge of ancestral human types by the 
discoveries of MM. Lohest and Fraipont, of Liege, Belgium. 
These discoveries, together with similar discoveries at Canstadt 
and elsewhere in Europe, establish the fact that the anomalous 
cranium, known iis the Neanderthal skull, which has been discussed 
with more or less energy since 1857, represents a race of men 
once widely distributed throughout Europe, and not, as has been 
over and over again suggested, a mere individual peculiarity. 
The object of this note is not to discuss these discoveries, but 
to point out the fact that America was once occupied by a race of 
low- browed men, that were in all respects as degraded as the men 
of Neanderthal or (^anstadt. 

Dr. J. W. Foster* was among the first to call attention to the 
fact that tumuli in the Mississippi valley furnished crania char- 
acterized by great development of the supra-orbital ridges, low, 
retreating forehead, and zygomatic arches projecting beyond the 
general contour of the face. The skull from "Kennicott's 
moiind, ' near Chicago,! had it been found in Europe, would be 
regarded as a fairly typical cranium of the Neanderthal or Can- 
stadt race. A cranium from the region of Dubuque, Iowa, is 
ecjually as flat and as destitute of forehead as the famous Nean- 
<lerthal skull. Dr. Lapham, speaking of the peculiarities of two 
skulls preserved at Milwaukee, Wisconsin, refers in particular to 
the "low forehead, prominent superciliary ridges, the zygomatic 
arches swelling out beyond the walls of the skull, and especially 
the prominence of the occipital ridge. " + 

Four crania exhumed and described by Mr. C. L. Webster be- 
long to the same degraded type. One of these from near Floyd, 
Iowa, is figured in the American Xaturalist, Vol. XXIII, Plate 

*Pre-hirttoric Kaces, Chap. VIII. 

tFostor' s Prc-hiiitorir Itaeen, p. 280. 

^Private correspoudence of Dr. J.apham (luotod by Foster. Pn'/u's- 



Vlll, Figs. 1 ami 2. Three others were from GUI Cliickasaw, 
Iowa, and are referred to on page ()5(). of same volume of the 
Ndturallst. Mr. M. W. Davis, of Iowa City, Towa, hasaeranium 
taken from a mound in Johnson county, wliieh exhibits many of 
the same racial characteristics. Skulls of the same type are known 
from Indiana. In fact a low-browed, ape-like race of men was as 
fully developed and as widely distributed in America as in Kurope. 

There is reason also to believe that man was present in America 
at Jis early a period as the first record of his appearance in Europe. 
The arrow points found by professor Aughey in undisturbed beds 
of Loess'"^ at different points in Nebraska and Iowa, attest the 
presence of man in the ^lissouri valley in close proximity to the 
edge of the retreating glaciers. The human implements found in 
the Efjitns fi(uls of the basin region indicate the presence of man in 
Nevada al)out th(» time he made his appe^irance in Iowa and Nebraska. 

The early low-browed American had for contemporaries an as- 
semblage of animals similar to those with which the Neanderthal 
man was associated. The Eqima In its contain remains of two or 
three extinct horses, an elephant similar to the hairy elephant of 
Quaternary Europe, a musk-ox, Orlbon atn'froits Leidy, and 
others for which see the writings of (,^ope,t Russellt and Gilbert.^ 

Some recent discoveries in South America point to a race even 
more ancestral than that indicated bv the Hat crania of the 
Mississippi valley. The (piestion may now arise whether nuin did 
not originate on the American continent. The eastern continent 
received its hoi*ses and camels from Anu'rica; whv nuiv it not 
also have received from the same source its earliest stock of tlat- 
skulled men? 

Com 1* ANIONS OF Eo/OON. 

The constant rec<»ssion of the beginning of life to lower and 
lower horizons, is like the constant retreat of the rainl)Ow before 
the boy who follows it in the hope of finding the promised pot of 
gold. Most geologists of middle life can recall the time when 
the lowest fossiliferous strata were those lying al>out the base of 
the Ordovician or Lower Silurian svsteni. Below this was a chaos. 



♦iiayden's Annual Kept, of the U. S. (teol. *fc (Jcog. Survey of tlie 
Territories for 1874. Washington, ISH). p. 255. 

tBuIletiu U. S. Geol. & Geoir. Survey of the Territories. Vol. V. p. 4S. 
Am. Naturalist, Vol. XVI. p. VM. 

JFourth Ann. liept. U. S. Geol. Survey, p. 4(50. 

§Lake Bonneville, U. S. Geol. Survey. Monograi)h?, I. p. :Jt»4. 
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not indeed without fossils but in whicli fossils were exceedingly 
scarce. 

Now, however, the immense Cambrian system has been erected 
in this chaotic region with its three divisions, each holding a 
characteristic fauna, and geologists are venturing on yet farther 
conquests in the same direction. The vast Pre- Cambrian masses 
intervening between the Cambrian and the true Archaean are be- 
coming more and more a field for careful investigation, and slowly 
we are finding traces of forms of lowl}- life that inhabited the an- 
cient seas wherein those rocks were formed. 

Behind these a?ons of Pre-Cambrian time lie the Archaean ages, 
and even these are not too old to yield traces of life. For thirty 
yeare has the spectral Eoxoon canddense stood before the world as 
a paheontoiogic problem; on one hand stoutly defended by its 
foster father, Sir William Dawson, and a few faithful friends, and 
on the other attacked bv almost all other students of the Foramini- 
fera. In the report of Dr. Frazer to the International Congress 
in 18iS8, as given in this magazine for September of that year, 
are the opinions of fourteen geologists, of whom only three, Daw- 
son, Hunt and Walcott, pronounced in its favor. 

It is scarcely possible to doubt that not a few of these were in- 
fluenced against Kozoon by its loneliness. Standing solitar}^ as 
the single relic of the life of the dim and distant Archaean, it was 
surrounded with a haze that no geological telescope could entirely 
pierce. For this reason it was exposed, and naturally so, to sus- 
picion that would not have been felt had other organisms of 
similar date been known or even suspected. 

From this point of view some of the recent work of Canadian 
geologists is of very great interest. In his address as president 
of the Natural History Society, of New Brunswick, Mr. (5. F. 
Matthew has rei)orted some remarkable discoveries among the 
Archiean rocks of Canada. After noticing several connected 
matters, Mr. Matthew savs : 

''It is with pleasure that 1 am able to call your attention to the 
existence, in your neighborhood, of remains of organic forms of 
an anticpiity far antedating the Cambrian age. 

'*As we have at St. John a definite base to the Cambrian sys- 
tem, and since these basal rocks carry the very oldest Cambrian 
fauna known, we are sure of the greater antiquity of the organic 
forms to which I refer. 
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' *The rocks have been described in the re|)orts of the geological 
survey of Canada, as the "Upper Series'* of the Laurentian area, 
and in this the fossils to which 1 refer have been found." 

In a subsecjuent paper read before the same society, Mr. Mat- 
thew described these organisms. The first which he has named 
Arcluvozoon acadicnse is, he says, more nearly related to the 
(h-yptozoonoi Prof. Hall than to Kozoon, but differs from both. 
To the naked e^'e it resembles pieces of fossil wood, and it occurs 
in immense numbei-s in a reef of limestone. 

Again in a later paper Mr. Matthew describes some other forms. 
One is Ci/athosjwngia/ eozoica and consists of parallel and forked 
spicules crossed by others at right angles or nearl}' so. The other 
is Ildllchondriti's grapliitiferua^ also a sponge, the spicules of 
which occur in immense numbers on the surface of the graphitic 
shales of the Tipper Laurentian rocks of St. John, N. B. 

The importance and interest of these venerable fossils it is diffi- 
cult to overestimate. If sponges and Foraninifera have come 
down to us from the Upper Laurentian rocks there is less reason 
to be sceptical regarding the prganic nature of Kozoon, if the 
Archiean seas were tenanted by such creatures we may yet hope 
one day to have a fauna and flora of reasonable abundance from 
these old and crj'stalline limestones and their metamorphosed 
shales. We can no longer sa}' that Kozoon stands alone a soli- 
tary relic, and scepticism on this ground has no longer any logical 
standing-place. 

There remains, however, still unsettled the question of the 

age of this "Upper Laurentian," or so called Archaean. Recent 

studies in the "Archajan" in the United States have shown that 

much of the limestone and quartzite, which by geologists thirt}'' 

and forty yeai*s ago. were placed in the "Laurentian," or more 

frequently' in the "Upper Laurentian," belong in the primowlial 

zone. This evidence is not only stratigraphic, but is also pal- 

eontologic. On this recourse the opponents of the Kozoon may 

still object to its Archajan age, if not to its assumed organic 
origin. 

REVIEW OF EECENT GEOLOGICAL 

LITEEATURE. 



Geoloyual Surcei/ of Missouri, Ahthuu WiNsiiOw, state geologist. 
Bulletin No. 5 contains: The age and origin of the crystalline rocks of 
Missouri, Erasmus IIawoutii, and Notes on the clays and building-stones 
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of certain western-central counties tributary to Kansas City, G. E. Ladd. 
Mr. Haworth apparently reverses at once the prevalent idea of the origin 

of the crystalline rocks ofMissouri. Formerly Prof. Pumpelly had repre- 
sented them as largely or wholly derived from sediments, and Swallow 
had only admitted the granites and the porphyries to be eruptive. Mr. 
Haworth notes In the field the following evidences of their eru])tive 
origin, (1) absence of true bedding, (2) flow and banded structure and 
lithophysflB, (3) breccia, (4) scoria and amygdaloids, (5) tuffs, (6) absence 
of gradation of crystalline into non-crystalline rock. The petrographic 
evidence he discusses under the following divisions, (1) texture of the- 
ground mass in the porphyries and breccias, (2) flow structure in the 
porphyries and breccias, (3) broken crystals due to flowage of the lava 
after the crystals were formed, (4) ^lagmatic corrosion of porphyritic 
crystals and of fragments in the l)reccia, (5) amygdaloids, (6) absence of 
metamorphic minerals. 

The rocks, taken together, he Jicce])ts as "Archean," but he does not 
define Archean. When it be remembered that "Archean'' has been made, 
very generally, until quite recently, to embrace all crystalline rocks below 
the Lower Silurian, but that there is a complex of ])rimordial crystallines, 
as lately demonstrated in 3Iinnesota and Xew Jersey, which has an im- 
portant bearing on the limits of the true Archean, it would have been 
"well if Mr. Haworth had gone a step further, if possible, and indicated 
whether it is not likely that the crystalline rocks about Pilot Knob belong 
to the crystallines of Tacouic age. Their lithology seems to exclude 
them from the true Archean, and to point to the T.abradorian, or erup- 
tive age of the Taconic. 

Ih'Hfriptions of Four Nfir Spcri'M of FossiU from the Sihtn'ttn JioHx» of 
The Sonth&istfrii Porfioji of (hf Blstn'rt of SaHkfftchnran. Hy .J. F. 
WiiiTEAVKs. This small pumphlet of ten pages and one plate is re- 
printed from Thr Cfniadi'Ui Ucr^^r'l of ScienrA\ April, 1891. The fossils 
described were discovered by Mr. J. B. Tyrrell while making explora- 
tions for the Geological Survey of Canada The localities are on Cedar 
lake and on the Saskatchewan river below Cedar lake. The horizon is 
Upper Silurian. The species are Strophotnenti nranthoptem^ PtiitohtcruA 
decu9HiitnHj (romphu'eraH parruhim, niul Acitlonpi» pentrimitn. 

Contributioiu to CanmJiou Micro-piUivontolof/i/. Part III. By Puok. T. 
liUPEKT Jones, F. H. S., F. G. S. The sub-title of this paper. On i*ouie 
Oittrarodd from thi' C«(iohro-Silurion^ Silurian and l)ero)tion Rorkn^ fully 
expresses its scope and object. There are forty-one pages of text and 
four plates. 

hihorntory Pntcfice, <i scrirn of t .vp{ riments on the fumhtnimtrd principirs 
of chemistry. A companion volume to "The New Chemistry.'* By Josiah 
Parsons Cooke, LL.D. 12 mo, 102 pp., 1891, D. Appleton & Co., New York. 

This little book is what it purports to be; the chemical principles are 
demonstnited by simple experiments, and during their performance 
exact observation and careful noting of all phenomena are inculcated. 
There are first several experiments with water, demonstrating its densit3% 
expansion by heat and by freezing, its distillation, conductivity of heatt 
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its latent heat, its conversion to steam, its solvent power and its action 
as a chemical agent and compound. Air is then taken as an example 
of aeriform matter, and the student is put through various experiments, 
under the guidance of an instructor to show the weight of air, its relation 
of volume to pressure (Law of Mariotte), its expansion, and tension in 
relation to heat and to itg content of acpieous vapor. Oxygen, hydrogen, 
sulphur and indeed all the common elements are thus analyzed, together 
with their combinations, their properties discovered, or demonstrated, 
and made familiar by repeated operations and accompanying questions 
^vhich present the substances in different lights. Thus all the funda- 
mental principles also of molecular and atomic weights and their calcu- 
lation are illustrated. This leads on to chemical symbols and notation 
and quantivalent expressions. The beginner who conscientiously pur- 
sues the course marked out (cannot fail to become grounded thoroughly 
in the fundamental principles of chemistry, and he muBt conceive a sin- 
cere love for the science and a reverence for the constancv of nature's 
laws, if not for the simplicity with which they ma\' be demonstrated. 

Rt^ort on the (jcolorjij of the four rouuites^ Cuion^ Snydei\ Mifflin ond 
Juni((t(fj with descriptions of the fossil ore mines, Marcellus carbonate 
ore mines, Oriskany glass sand mines au<l Lewistown limestone (luarries; 
illuBtrated by two colored geological inai)s. K. V. D'Invilliers. He- 
port Fg, of the Second (Geological Survey of Pennsylvania; a report of 
progress, 420 pp., 1888-1880. Ilarrisburg, 1891. 

This adds another valuable number to that large series of publications 
devoted to the detailed description of the counties of Pennsylvania. 
The accompanying maps show that the area described is one of the 
most complicated in the Appalachian region of tlie state. Mr. D'lnvil- 
liers has wrought patiently and well, and has put his results simply yet 
clearly and compactly into print. The volume will bear with important 
testimony on the correlations which yet have to be made of the forma- 
tions of the state, whether between those of New York or Virginia and 
those of Pennsylvania, or those of Pennsylvania within the limits of 
Pennsylvania. It is an important and a great service yet due to geology 
in America, that the elaborate survey that has l)een carried on in Penn- 
sylvania for so many years under Dr. Lesley, sliall be rounded out with a 
final report, showing some symmetry and general conclusions. The re- 
ports printed otherwise will fail of much of the good whi(;h their cost 
seems to warrant us to expect from them. We judge from Mr. Lesley's 
letter of transmittal that such a report is in preparation. 

On Home netc Jinfietf from South Dolottt, E. 1). CorE (Am. Naturalist,. 
July, 1891, pp. 654-58). Five new species are described, O phyrura con- 
eentric4t,? Sardinivtf blnrlhurnii, ProhaUo»toimii< louynlus^ Oligoplarchus 
squamipinnis and ^lioplosus multldentatus. ^Ir. Cope regards their 
characters sufticient to exclude them from the Cretaceous. Their age is 
Cenozoic,but whether Eocene or Neocene is uncertain. Tlie rock is soft 
and chalky, and the fossils are from the Hee hills. 

On a new horizon in the St. John (rroup. (J. F. Matthew (Canadian 
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Record of Science, Oct^ 1891, pp. 139-43). By the aid of Mr. G. Stead, 
Prof. Mattliews has found, on Navy island, in St. John harl)Our, abun- 
dant specimens of Dictyonema flabelliforme, in black shales of Division 
three (Bretonian) of his St. John group. The Tremadoc fauna, however, 
which is near the same horizon, is thought not to be on the island, but to 
the north of it, in the channel of St. John river. Associated with Dicty- 
onema he found also the brachiopods Obolus, somewhat like O.apollonis, 
Obolella, Linnarssonia and a Lingula or Linguella. 

Tht 8t&i*y of tite IIill&, a book about mountains far general readers, Rkv. 
H. N. Hutchinson, 12mo, pp. 357, Macmillan & Co., Mew York and Lon- 
don, 1892. Although this is a popular work it is based on a thorough 
knowledge of the geology of the subject. It illustrates how vastly the 
popular science of the day is improved over that of a century ago. In- 
deed the work here put forth as adapted to general readers would have 
been welcomed then as an addition to technical, or at least to philosoph 
leal geology. It embodies in a pleasant style much of the philosophy of 
the formation, age, erosion and uses of mouutains, volcanoes, glaciers, 
-sedimentation, pressure and upheaval. 

Correlation Papers of the U, S, Qeoloyical Surcey ; Dtconian and Carbon- 
dferous. H. S. Williams, Bulletin No. 80, Washington, 1891. 

In his consideration of the Devonian and Carboniferous rocks profes- 
sor Williams discusses several problems connected with the subject, 
-after he has given a general review of the literature. He examines in 
^considerable detail the state of opinion regarding classification and 
nomenclature from the beginning of the century up to 1851. The Wer- 
nerian system, based upon mineralogical characters, long retarded the 
advance of geological knowledge, and it was only after the completion 
•of the report of the geological survey of New York that the science 
advanced with any rapidity. The New York geologists, following 
the' methods of Sedgwick and Murchison, finally gave to the world the 
•** New York system," which, although somewhat defective, established 
•a standard for the rocks of this countr}'. 

Prof. Williams advocates the separation of the study of the geologist 
and the paleontologist; he believes the work of the former should be 
to carefully observe the characters of the formations, describe their 
various features, preserve their fossils and so arrange his obser\'ations 
that ^^distinct association will be found in the name applied to each 
formation with the observations actually made in the field. The refer- 
erence," he says, "of each particular formation to a place in some stand, 
ard scale should not be made without careful study. This careful study 
cannot be made independently of the fossils, for fossil! ferous rocks, and 
in order that the paleontologist may make his studies without prejudice, 
the names of the formations, their localities, and their petrographic 
characters should be described and recorded, quite independently'^ of the 
fossils which they contain." (p 55.) 

The use of the term " New York system" is argued against inasmuch 
as it is considered an imperfect division of geological time. He advo- 
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-c'ates the addition of the Coal Measures of Pennsylvania, and then a 
natural group of the first order would be produced, nearly equal to the 
Paleozoic era. "Were we to adopt for this grand terrane the name Appa- 
lachian group, we should have a properly constituted name for an actual, 
existing geologic group, free from theor}', and its use would probably 
assist in the progress of science." (p 60.) He would discard certain 
lithological names still used in classifications, as age can never be de- 
termined by lithological characters. '* It can be indicated only by that 
which changes with time under the influence of some definite law, 
and fossils alone have this value.*^ 

In addition to his disbelief in the value of lithological features in 
■determining the age of rocks, Prof. Williams has but little faith in what 
is called "persistent parallelism of strata," without the aid of fossils. He 
points out several erroneous correlations made by this "parallelism." 
One of these was by Hall who, claiming he had traced the rocks step by 
step from New York to the Mississippi valley, stated that the Waverly 
sandstone of Ohio was the same as the Chemung and Portage groups of 
New York. (p. 03.) Other mistakes were made by the geologists of the 
Second Pennsylvania Survey, who, assuming an average direction and 
Tate of dip, identified formations by their altitude. The outcrops were 
followed from ravine to ravine or from tjuarry to (luarr}', and though the 
same method 'was pursued bj' both Mr. White and Mr. Carll, when the 
correlations reached Chautauqua county it was found that Mr.White cor 
related the Panama conglomerate with the third oil sand of Venango 
<;ounty, while Carll placed it entirely below the Venango oil group. ProC 
Williams says: 

"The fact seems to be, as we review the records of the survey, that the 
■data of lithologic character of rocks and of thickness of the deposits 
were so constantly variable that the *theorv of persistent parallelism of 
«trata^ was little more than a theory, the exceptions to which were as 
numerous as the illustrations. It was a cut-and-try system of match 
ing together innumerable sections made up of irregular combinations 
of shales, sandstones, conglomerates, and limestones of various color, 
thickness, and texture. Whenever the gaps were over a mile or two 
long the adjustment of the theoretical dip, a few feet more or less to the 
mile, would enable the parallelism to fit any particular stratum in a 
given section. The fact that those who showed evidence of having 
noted the fossils, although they may not have identified them, were 
invariably nearer right than those who neglected them, strengthens the 
belief that the fossils, even in this case, were the most valuable means of 
correlation.'' (pp 111-112.) 

Among the various problems discussed we find the diiferentiation of 
the Carboniferous system: the Coal Measures or Pennsylvanian series: 
the Lower Carboniferous of the Appalachians and of the Mississippi 
valley: the Chemung-Catskill problem: the Waverly problem: and the 
Permian problem. The use of the name "Carboniferous'' is considered 
unfortunate, and Prof. Williams advocates its abandonment in favor of 
the "Pennine system," inasmuch as it is in the Pennine chain of hills 
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that the typical Carhoniferoiis section is found, (p. SI.) The limits of 
the system here are well defined both above and below, but in other 
places it shades off into the Devonian ])elow or the Permian above. In 
these cases an arbitrary line must be drawn to indicate the limits of each. 
Again in the discussion of the Lower Carboniferous strata of the 
Mississi])pi valley, it is proposed to use the term MisHhsttpinun ^ertcn in 
place of the old name Subcarboniferous, upon the «j;rouud that the old 
name is inappropriate, and was * introduced as an expression of confus- 
ion and dissatisfaction with the correlations attempted.'' (p. 142.) This 
is a slight miHlification of the late Dr. WincheH's term Mississippi, aj)- 
plied by him to the same series of strata. American geologists have 
not hitherto fallen in with the recommendation, and they may be slow 
to follow Prof. Williams in both of these pro|)osed changes. The 
scheme proposed for the Subcarboniferous r«)cks of the Mississippi 
valley is as follows: 

\ C'hefti'r. 
(M»ii«»vi(»v«» (Jroup.. St. Loiii*'. 



I SulK-nrlKJuiferou! 



' Warjfaw (in pnrl». 
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In the chapter on the Permian problem the conclusion is reached that 
as far as the strata of Kansas and Nebraska are concerned there is no 
Permian system, the passage from the Coal Measures being gradual and 
not abrupt. The api)lication of the term is here considered purely artific- 
ial, and induced bv those wlio souirht to force a (!orrelation between the 
rocks of Europe and America. As for the Permian ranking as a separate 
system he says it is still an oiien (juestion, **and bids fair to continue so 
until a natural method of (classification for the time-scab* be devised, 
which shall be independent of the lithologic character of the rocks." (p. 

2(H).) 

The general remarks and conclusions are well worthy of careful pe- 
rusal. That to paleontology is given the first place in all correlations is 
evident througlioul the work. We have already shown his opinion of 
the theor}' of "persistent parallelism of strata'' and it is reitenited on page 
203. Here, also, he refers to the value of fossils, correlations by their 
aid being based upon actual evidence, which can be corrected by a criti- 
cal review; while the particular form of any organic structure is consid- 
ered determinf»d by heredity and environment. "Hence we may deduce 
the law that, given the locality and the conditions of environment, the 
fossil has in itself the evidence of its geologic age." (p. 2(>ii.) In the 
Mississippian province he advocates a structural an<l a time scale of for- 
mations. From tlie first point of view there should be »n increase in the 
number of formations: while from the paleontological standpoint the 
classification is too miiiute and the number of formation should be re- 
duced. 

A new feature is introduced in the consideration of geographical 

features as modifying geological classification, but it is not elaborated to 
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any extent. It haviD«r been demonstrated that classitication cannot be 
based upon the uniformity of litholoirical constitution, and that uniT 
formity of strati^rraphy cannot be relied upon for correlations "the 
modern school of paieontolosrists are demonstrating the fact that the 
divisional lines marking the biologic or time scale do not correspond to 
those of the structural or stratigraphic scale, but are determined by in- 
dependent factors. In the classiticHtlon of rock f..rmations the character 
of the formations should receive chief consideration, but the particular 
geologic period in which the sediments are deposited has practically no 
relation to the nature of the se<liments or their amount or their physical 
arrangement as geologic deposits. It is, hence, a grave question 
whether the tlevelopment of our science does not demand that geo- 
graphic factors should take prece<lence of time factors in all classi- 
lications of geologic formations.'' (p. 207.) 
The standpoint of the new school of palecmtologists of which professor 

* 

Williams is an able exponent, is summed up in the concluding para- 
graph of the Bulletin. According to the Darwinian idea of species, aa 
opposed to the Cuverian, "the n\odification of organic form is conceived 
as not an arbitrarv matter, but as correlate*! with difference of envi- 
ronment and of genetic relationship, so that the lesser variations of 
specific form are of as great value to the modern i)aleontologist for pur- 
poses of correlation as is the identity of species. Comparison of allied 
species in the same genus exhibits to him the rate and direction of 
modification taking place in the geneti(r history of the genus, and in the 
plastic or variable characters he finds a sensitive indicator of the stage 
of development attained by the race when the [larticular individual lived. 
Biological studv shows him that the fossils must contain intrinsic 
evidence of their geologic age independent of the formations in which 
they were buried, and his chief work is to learn what this evidence is and 
how to interpret it. To such evidence the final appeal must be nuide in 
all cases of the correlation of geologic formations." (p 209 ) 

Taken as a whole the Bulletin under review cannot but be regarded 
as a valuable contribution to the philosophy of geology; and while some 
of the conclusions of the author may not meet with the approval of 
All, they at least merit consideration. Some portions of the volume show 
signs of haste in prei)aration; and it would have been a valuable addi- 
ti(m had there been given a list of the books and papers consulted or re- 
ferred to in the course of preparation of the Bulletin. 



kecp:nt publications. 



1. StiiU and Ooctrumenf lt<p(ntH. 

Annual Ueport of the (Jeological Survey of Arkansas, 1888. Vol. IV. 
Part I. (reology of Washington County; Part II. List of the Plants of 
Arkansas. 

Ditto, 1800. Vol. I. Manganese: Its Uses, Ores, and Deposits. By 
K. A. F. Penrose, Jr. 
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Annual Report of the Geological and Natural History Survey of Can- 
ada. Vol. IV. (N. S.) 1888-89. 

II. ProceedinffH of Scientrfi<; SorieiieH. 

Proceedings of the Academy of Natural Sciences of Philadelphia,. 
1891. Part II, Aprll-Auguat, contains: Echlnoderms and Arthropods 
from Japan, by J. E. Ives; Notice of Some Entozoa, by Joseph Leldy; 
Note on Mesozoic Mammalia, by O. C. Marsh; Fossil Faunas in Central 
Iowa, by Charles R. Keyes; On Paramelaconite and the Associated 
Minerals, by G. A. Koenig; Echlnoderms from the Bahama Islands, by 
J. E. Ives; Memoir of Joseph Leidy, by II. C. Chapman; Mollusca from 
Nantucket, Mass., by II. A. Pilsbry; Geological Features of the Meteoric 
Iron Locality in Arizona, by A. E. Foote. 

I II. Ptiptii'ti iu Scientific Jourmih. 

Am. Jour. Scl ^Uif/. \o. contains: Some features of the non-volcanic 
ejections as illustrated in the four ** rocks" of the New Haven region, 
West Rock, Pine Rock, Mill Rock and East Rock, James D. Dana; 
Notes of a Reconnaissance of the Ouachita mountain system In In- 
dian Territory, Robt. T. Hill; Note on the asphaltum of Utah and Colo- 
rado, by Geo. H. Stone; A gold-bearing hot spring deposit, Walter H^ 
Weed; Restoration of Stegosuurus, O. C. Marsh. 

Sept. No, contains: Pleistocene fluvial planes of western Pennsyl- 
vania, Frank Leverett; Genesis of iron ores by Isomorphous and Pseud- 
omorphous replacement of Limestone, etc., James P. Kimball; Constitu- 
tion of certain micas, vermiculites and chlorltes, Clarke and Schnelder- 
A further note on the age of the Orange Sands, R. D. Salisbury; Note on 
the causes of the variations of the magnetic needle, Frank II. Bigelow; 
Notice of new vertebrate fossils, O. C. Marsli. 

Geol. Mag. At/f/ntit Xo. contains: Glacial geology, G. W. Bulman; The 
Pleistocene beds of (tozo, J. H. Cooke; On orthoceratites vaginatus Schloth.^ 
Arthur H. Foord; Physical studies of an ancient estuary, A. Irving: On 
the British earth(iuake8 of 1889, C. Davison; The age of the Himalayas, 
W. T. Blanford. Sipt. Xo. contains: Restoration of Stegosaurus, O. C. 
Marsh; The Scandinavian glacier and some Inferences derived from it,. 
T. F. Jamison; Transverse valleys in the eastern Caucasus, Hjalmar 
Sjogren; On the sands and gravels in the boulder-clay, G. VV. Bulman; Re- 
cent geological investigations in tlie Salt range, India, A. B. Wynne; 
Rock specimens from Kimberly, Prof. Bonney and Miss C. A. Raisin, 
with a note by T. Rupert Jones; Glacial mound in Glen Fraiu, Dugald 
Bell. Oct. No. contains: On the origin of concretions in magnesian 
limestone, E. J. Garwood; Elevation of the American Cordillera, H. II. 
Howorth; On the British earthquakes of 1890, C. Davison; On tlie lower 
Greensand and Purbeck beds, P. B. Brodie; The lower Greensand or 
Vectian in Dorset, A. J. .Jukes-Browne; On color-bands in Waldheimia 
pei'foi'ota^ Edw. Wilson; Note on the Conlston Flags, W. M. Hutchins. 
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COREESPONDEXCE. 



Thk Middletox Formation op Tennessee, Mississippi and Ala- 
bama; WITH A NOTE ON THK FOUMATION8 AT LaGkaNOE, TENNESSEE. 

The party of geologists, spoken of on page 403, Vol. VIII, of this jour- 
nal, stopped in their travels, for a couple of days, at Oxford, the site of 
the University of Mississippi. The chief object was to inspect the fos- 
sil plants, collected in Mississippi and now in the museum of the Uni- 
versity. While there, observing, with the other members of the party, 
the many interesting specimens, I happened upon a lot of peculiar rock, 
fragments, containing casts of fossils, which had a very familiar look 
and which I thought must have come from some one of certain locali- 
ties in Tennessee. I at once called Dr. Hilgard's attention to them. 
"No," he says, "they are from the Reeve's locality in Tippah county of 
this state, and from the *clay sandstone' found there.'' He then referred 
us to page 112 of his "Agriculture and Geology of Mississippi," where a 
section of the rocks at Reeve's is given. "The clay sandstone is No. 2 of 
the section and from this the rock-fragments in question came." Dr. 
Eug. Smith, who was standing near, recalled the fact that the same rock 
occurs in Alabama. 

All this was a revelation to nie. I had known the rock for many years 
in Tennessee, and did not know of its occurrence elsewhere. With us, 
it is found at a number of localities. One is on the Memphis & Charles- 
ton railroad, at Middleton, in Hardeman count}'. An extensive outcrop 
of the rock is seen along the Bolivar and Purdy dirt road. It begins 
about eight miles from Bolivar and extends easterly two miles, or there- 
abouts, and nearly to Wade's creek. This is also in Hardeman county, 
through which county, indeed, the formation outcrops in a belt running 
north -northeasterly and south-southwesterly. 

The rock referred to, is one of the most characteristic of a group of 
layers. It is about two feet thick, a sort of conglomerate, consisting of 
lumpy clay mixed with sand, and more or less consolidated into a bluish 
giay mottled mass. It contains also green, glauconitic grains and casts 
of fossils. Dr. Hilgard, in the section referred to, speaks of it as "clay- 
sandstone, spotted blue and yellow, with green grain dots." The fossils 
he mentions as occurring in it are ^^Venerirardio phmirostn, OnrfJiym 
nie/dUti/ Trocfnts^ Ostre<i^ etc." 

The particular rock described is one of a group, or formation, which 
is evidently the lowest division of the Eocene of this region. 

From the interest attached to this group and the verj' considerable 
extension it proves to have, it deserves a distinct name. Drs. Hilgard and 
Smith approving, I have named it the Middleton fornmtion from the 
name of the town where its outcrop is intersected by the Memphis and 
Charleston railroad. 

Immediately to the east of the formation, in Tennessee, lie the Cre- 
taceous (Ripley) beds, while to the west are the Flatwoods (Porter's 
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Creek) clays. The formation will l)e further considered aud reported 
upon hereafter. 

Another place visited by the party mentioned above, was the noted 
La Grange locality in Fayette county, Tennessee. Those of the party 
visiting this point, in addition to the gentlemen already referred to, 
were Messrs. McGee, Ward, Hill and Holmes. All were much interested 
in the great display presented here. La Grange is located on the edge 
of a high tal)le-land. Immediately to tlie south of the town, this table- 
land breaks away in a steej), bold escarpment down to the bottom-landa 
of Wolf river. The washes along the ohl roads leading from the town 
down the escarpment liave (lis])layed in grand sections the strata of the 
region. 

The Lafayette (Orange Sand) formation makes up by far most of the 
slopes. At tlie base of the slopes, come in a group of laminated sands 
and clays, with shelly, siliceous shales and sandstones containing leaves, 
which it was agreed pertain to the La Grange formation. At the top of 
the slopes and sections, making the floor of the table-land and resting 
upon the Lafayette, is the "Yellow loam," a division of Mr. McGee's 
•Columl>ian formation. 

I add that the La Grange formation, which is so low in the sections at 
La Grange, rises, at points in Fayette and adjacent counties, to much 
higher levels, even appearing and outcropping, now and then, at the 
surface of the table-lands. The La Grange had an uneven, more or less 
eroded, surface upon which the sands of the Lafayette were deposited. 

James ^l. Sakkoud. 

Viinderhilt Unh^crnitt/, X((iihrifl(\ Tmn. 



i5rHLio<niArnv undkutaken uv the iNTKUNArroNAL ('oNf;iiEss ok 
•Gkoix)«I8Ts. — Mr. G. K. Gilbert communicates to the (rEOUMiisT the 
following letter from Mr. Em. de Margerie, Secretary of the Interna- 
tional Committee on the Bibliography of Geology. It sets forth the 
organization and plans of the Committee. Geologists residing in North 
America who have prepared or are preparing bibliographies of any po- 
tion of the literature of geology, are ret] nested to communicate with Mr. 
Gilbert (a<ldress: G. K. (rilbert, C S. Geological Survey, Washing- 
ton, D. C.) 

International Cox(;kess of Geologists: Committee on the Biblio- 

OUArUY OF Geoloov. 

Paris, Hue de Grenelle 132, Nov. 20, 1891. 
Sir: At the meeting of Tuesday, September 1, 1891, the International 
Congress of Geologists, assembled at Wasliington, on motion of Messrs. 
II. S. Williams an<l de Margerie, appointed a permanent international 
committee charged with the duty of centralizing the information relat- 
ing to geologic bibliography. This committee, which is authorized to 
add to itself new members in unlimited numliers, comprises at present 
Messrs. Frt'ch (Germany), (tilbert (North America), Golliez (Swltzer- 
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land), Gregory (England), de Margerie (France), lleusch (Scandinavia), 
Steinmann (South America), Tschernyschew (Russia), Tietze (Austria- 
Hungary), and Van den Broeck (Belgium). 

The end to be attained is threefold: (1) to prepare a list of the geologic 
bibliographies already in existence; (2) to prepare an inventory of those 
parts of geologic literature, which have not as yet been the subject of 
such methodic abstracting, in order to prepare the way for undertaking, 
comprehensively, the retrospective bibliography of the science; and 
(3) to proceed to the periodic registration of its current bibliography. 

The first meeting of the committee took place during the excursion to 
the Rocky Mountains. The following are its minutes: 

"The International Committee on the Bibliography of Geology met 
September 20, at 8 o'clock in the evening, in one of the cars of the 
special excursion train, between Manitou and Denver (Colorado). 
Present, Messrs. Freeh, Gilbert, de Margerie, Reusch, Steinmann, 
Tschernyschew, Tietze and Van den Broeck. Prof. II. S. Williams also 
was present at the meeting. 

"Mr. Gilbert was by acclamation elected President of the Committee, 
and Mr. de Margerie, Secretary. Mr. de Margerie will take charge of 
the correspondence for Europe, and undertakes to transmit to Mr. Gil- 
bert all the documents intended for printing. 

"In regard to retrospective bibliography, Mr. Golliez announced to 
the committee that the Geological Survey of Switzerland, is preparing 
a geologic bibliography of Switzerland, which it will probably take 
several years to complete. Mr. Tschernyschew announced the existence 
of a catalogue of the same nature on the North of Russia, as yet un- 
published, of which he is the author. Finally, Mr. Van den Broeck 
called attention to the general bibliography of Belgjium, which is to 
comprise a list of all documents relating to the geology of that country 
published in the course of tlie 19th century. 

"After a short discussion, the committee decided to confine its efforts 
for the time being, to the preparation of a list of the partial geologic 
bibliographies already in existence. Each member of the committee is 
to perform that part of the work which relates to the country he repre- 
sents. For Spain, Italy and Portugal, which countries sent no represen- 
tatives to Washington, the committee will address itself to the directors 
of the geological surveys of these three states. Mr. Tietze agrees to 
take charge of the bibliography of the Balkans, and Mr. de Margerie 
will try to fill out any gaps that may exist in the collection of documents 
gathered by the various members of the committee as regards Asia, 
Africa and Oceanica. The manuscripts must be sent to the Secretary 
before Easter, 1892, in order to be printed with the proceedings of the 
Washington meeting. 

**The projected list will comprise the detailed titles of works entering 
into the following categories: 

"(1) Regiomd or local hihUoymphies. (Examples: Geologic Bibliography 
of Italy; Geological bibliography of the counties of England, by Whitaker; 
Catalogue of the publications of the American surveys, by Prime.) 
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"(2) Systematic bibliographies, that is to say, relating to a defined groups 
of facts, (e. g. Bibliography of the various classes of rocks, inserted 
in Rosenbusch's Petrography; Bibliography of the upper Jurassic, by 
Neumayr; glaciers, volcanoes, etc.) 

"(3) Personal bibliographies. (Catalogues of the geologic publications 
of one author, like those that often accompany necrologic notices; 
Royal Society's catalogues of scientific papers, etc.) 

**(4) Catalogues of geologic maps. (e. g. Mapoteca geologica Ameri- 
cana, by Marcou.) 

"(5) Annxuil geologic bibliographies either general (e. g. Geological 
Record: Revue de geologie, by Delesse and de Lapparent; Annuaire 
geologique, by Dagincourt), or special (e. g. Revue geol. Suisse, by E. 
Favre and Schardt; Bibliotheque geologique de la Russie, by Nikitin; 
Record of American Geology, by Darton.) 

" (6) General tables of special periodicals or series, (e. g. the Reperto- 
rium to the Neues Jahrbuch fur Mineralogie; Index to the publications 
of the Geological Society of Loudon, by Omerod; Table of Paleonto- 
graphica; List of the geological maps published in the Quarterly Jour- 
nal, by R, Bliss.) 

"(7) Printed catalogu^^ of special libraries, (e. g. Catalogue of the 
library of the Geological Society of London. Catalogue of geologic 
works found in the libraries of Belgium, by Dewalque.) 

"As regards the scope to be given to the work, the committee thinks 
proper for the present to exclude all documents of purely mineralogie 
or paleontologlc nature; on the other hand, information relating to 
petrography, physical geography, applied geology, mineral waters and 
prehistoric archeology will be included. For the rest, full latitude is 
left in this respect to the collaborators, the editor being empowered to 
extend or abridge manuscripts with a view of securing proper uniform- 
ity in publication. 

"Important manuscript bibliographies, the existence of which may be 
known to the members of the committee, are to be indicated in the 
proper places, stating name and address of author. 

"The publication will be in French, but manuscripts may be prepared 
in the language of the country whence they come, to be translated after- 
ward under the direction of the editor. 

"Titles must always be given in the language of the original publica- 
tion; they will not be followed by a French translation except in case 
they belong to a language other than English, German, Italian or Span- 
ish. The indication of the author's name, place of publication (with 
the publisher's name in the case of a separate work), date, size and 
number of pages, shall be as exact and detailed as possible; furthermore 
it is desired to have stated the approximate number of entries contained 
in each bibliography, adding summary information regarding its nature, 
such as: ^Alphabetic catalogue by authors' names; Catalogue classified 
by order of dates; Simple list of titles; Each article is followed by a re- 
sume; The number of plates is not given; etc' The limiting dates of 
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the publications catalogued in the bibliographies are also to be noted, 
(e. g. 1802 to 1888.) 

"In case a bibliography bears no printed title, which often happens 
with such as are appended to special works or memoirs, it will be proper 
to define its subject by means of a phrase in brnrkets: [....], giving after 
this the complete title of the document in which the bibliography is 
comprised. 

"Publications which, without pretending to take the form of a,methodlc 
blliliography, contain the detailed history of the study of a question of 
general interest or of a country, are to be mentioned. 

"In order to facilitate the final classification of subjects for the pur- 
pose of printing, the collaborators are requested to prepare their work 
on separate slips.'' The Secretary, 

Emm. de Mauoerib. 

To Mr. G. K, OiWevt, MemJI)er of the Committee for North Amerien. 



PERSONAL AND SCIENTIFIC NEWS. 



Prehistoric Horses. — The genealogy of the horse has been 
most admirably worked out in various publications, and the fact 
has long been established that the genus originated on the North 
American continent. The question, however, as to whether pre- 
historic man in America had the horse as a contemporary has 
been a disputed point, This question may now be considered set 
at rest by the discovery of a skull of an extinct species of horse 
in strata w^ith human implements. 

This discovery was announced Ij}' Prof. E. D. Cope at the last 
annual meeting of the American Association for the Advance- 
ment of Science. A skull of a horse was exhibited to the mem- 
l)ers by Prof. Cope, who pointed out the characters of the teeth 
and who stated it w^ould be impossible for any one to separate 
the fossil teeth from those of the quagga and zebra if the three 
were all thrown together. In minor characters, such as those of 
the size of the lx)nes, the ditferences are preceptible. So there is 
no doubt the skull represents an animal ditferent from any now 
living. That it was a horse, however, any one could see. 

The most curious thing about the skull was its condition. The 
frontal bone had been crushed in exactly as we see in the case of 
animals slaughtered for food. The friable bones protecting the 
eye sockets were intact, as were also the long nasal bones. 
Found in the same bed with the skull was a stone hammer that 
l)ore evident marks of having been fashioned by the hand of man. 

What inference was to be drawn from this? In the first place 
it has been suspected and considered probable that early man on 
this continent had been contemporaneous with a horse, though 
not the present living species, but no direct proof had hitherto 
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been found. When Europeans landed on the new continent the 
horse was an unknown animal to the natives. So it had evidently 
long been extinct. 

All the horses now found in either North or South America came 
from stock original!}' brought over by Europeans. But here 
we have evidence in the association of a human implement and a 
horse's skull that man and horse had lived together, and the 
peculiar fracture of the skull of the latter leads to the belief that 
the animal had met its death at the hands of man. 

This fact opens several ciuestions. What became of the race 
of horses that once lived on the continent? Were they exterm- 
inated by savage man as civilized man has exterminated the 
bison? Did they once serve as Ijeasts of burden or were they 
used only as food? Were the}' wild or domesticated? 

It seems probable that the}' were not used for any other pur- 
pose than as food, and that they existed only in a wild state, for 
it is scarcely reasonable to suppose that having once been used by 
man and so domesticated their use would ever have been forgotten 
or the breed allowed to die out. Neither is it probable that they 
were exterminated solely by the agency of contemporaneous man, 
for we know that in spite of the use of the bison by the Indians of 
North America theii numbers did not decrease to any great ex- 
tent. It was only when civilized man began his destructive work 
that the bison began to disappear. 

What then was the cause of the disappearance of the horse? 
If it were demonstrated that this early horse existed prior to the 
ice-age his disappearance might be attributed reasonably to the 
cold that prevailed, or to some of the attendant conditions. 
While Dr. Cope considers the '^Equus beds" as of Tertiary age, 
Messrs. Gilbert, Russell and McGee have given much evidence 
that they are middle or late Quaternary. The coordination of the 
strata of the southern states with the drift sheet of the northern 
has not yet been elucidated. The early Pleistocene was connected 
by a link which has not yet been discovered, with the latest 
Pliocene. Whether that link consisted largely of the advent of 
the ice-age, or the outburst of the Quaternary eruptive forces that 
characterize this date in the western and Pacific states, or both of 
these cotemporaneously, it is evident that it was marked by great 
physical changes such that the habitability of the country by 
many of the larger mammals was destroyed. 

Mr. Cope has given a description of this skull in the October 
number of the Amtrlcan Nntiindist. He considers it Equns 
ej'cchus Leidy,and remarks that it is the first that has come to light 
in the United States. 

The Spanish Government has determined to hold a his- 
torical and archaeological international exhibition next year, and 
especially honors the United States by its invitation and applica- 
tion for aid. The Spanish exposition will in no wise compromise 
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the success of the great Chicago world's fair of the following 
year. On the contrary the more perfect the first display, the bet- 
ter will the departments of archaeology and history be represented 
at our own ; for the Spanish government has generously proposed 
to transfer a large part of its treasures to our buildings during 
the six months which inter\'ene between the closing of the one 
and the opening of the other. All persons having collections of 
archaeological, ethnological (mumismatic), or historical material 
connected with the history of this country both before the dis- 
covery and after the discovery, up to 1750, are urgently invited 
to loan it under the safe guarantees offered by the circular of the 
Spanish government, forwhich apply to Scnor Carapillo, Secy of 
the Spanish legation at Washington. 

It appears that geological frauds are not confined to this 
country, as the following extract from a late number of Nature 
proves. *'A notice which will be read with interest by all owners 
of gems, has been issued by Dr. A. Brezina, of the Natural His- 
tory Museum of Vienna. It relates to the doings of a young 
man who on September 2H contrived to conceal himself in tlie 
department just before the time for the closing of the Museum. 
He was caught and found to be armed with a revolver, and to 
have in his possession files and other implements. He had also 
in his possession nearly ()00 gems, some of them cut, but the 
majority in their natural state. He has a passport, in which he is 
described as Hugo Kahn, of Berlin, but he has also called himself 
Krony, Kronek, Kornak and Kronicsalsky. His age is 24, he 
measures in hight 170 cm., he is slender, has a longish handsome 
face, is of a V)rownish complexion, has dark hair, grey eyes and a 
light brown beard, of feeble growth. Upon the whole he is an 
attractive looking person. He has made several journeys in Ger- 
many, France, Switzerland and Italy; and between the middle of 
last July and the beginning of September he travelled through 
Pyrmont, Ems, Strassbourg, Basel, Milan, Genoa, Nice, Monaco, 
Genoa and Venice to Vienna. Most of the gems (the names of 
which with the exception of a rock-crystal, he does not know), 
he professes to have bought from a barber in Marseilles. As it is 
important that the former owners should be known, Dr. Brezina 
prints a list of the gems, with a request that any one who has in- 
formation about them will communicate with him.'' Evidently 
this man is not nearly so finished and thorough-going a scamp as 
the one lately exhibited in the rogue's gallery of the Geologist. 
The narrative given above well illustrates the danger to which all 
costly and valuable collections are exposed, when they are opened 
to the public, and the necessity of the utmost vigilance for their 
protection. 

The late Dr. P. Herbert Carpenter was the fourth son of 
the late Dr. W. B. Carpenter, C. B., F. R. S. He was found dead 
in his dressing-room on Oct. 21. At the inquest it was found 
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that he had killed himself by the administration of chloroform 
during temporary insanity. Dr. Carpenter had been Science- 
master at Eton since 1877. The Tim^^n gives the following ac- 
count of his scientific work : * * He was a member of the scientific 
staff of the deep-sea-exploring expeditions of the * Lightning ' 
(1868) and the « Porcupine' ('69 and 70) and in 1875 he was 
appointed assistant naturalist to the * Valorous ' which accompa- 
nied the Arctic expedition of Sir G. Nares to Disco I. , and he spent 
the summer in sounding and dredging in Davis strait and the N. 
Atlantic. Dr. Carpenter devoted himself exclusively' since 1875 
to studying the morpholog}' of the Echinodermata, especially the 
crinoids. In 1883 he received the Lyell medal from the Geologi- 
cal Society of London and in 1885 was elected a Fellow of the 
Royal Society. His chief papers were * Notes on Echinoderm 
Morphology/ 'On the Genus Actinometra, ' 'Report on the 
Crinoidea dredged by the Challenger, ' ' The Stalked Crinoids, ' 
* The Comatula;, ' ' Report on the Comatula? dredged by the U. 
S. Coast Surve}' in the Caribbean Sea, ' and numerous papers in 
the Transactions of the Royal, Linna^an and Geological. Societies. " 

Prop. P. Whitfield describes in Science, Dec. 18, the dis- 
covery of the remains of a mastodon on New York island, at the 
eastern end of Dyckman's creek at its junction with the Harlem 
river, sixteen feet below mean low-water. 

Mr. J. W. Kirk PATRICK in the same number of Science, de- 
scribes the finding of a nugget of copper, also northern boulders 
and strae, near Fayette, Mo. , near the central part of the state, 
the nugget weighing 23 pounds. 

The fourth annual meetin(j of the Geological Society of 
America was convened at Columbus, 0., Dec. 29, 1891. The 
acting president was G. K. Gilbert. The numerous articles read 
will be noted as they may be published in the Society's bulletin. 
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ALEXANDER WINCHELL. 

AX £I)lTORI.\L TRIBI:TE. 

NoTR. The followiiii; memorial nketcli of Alexander Wiiichell. whu (lie<l February 19, 
1891, ia a tribute of the .\xbri(:aic (rEOMxaar to a deceattetl meinlier of itM editorial corpv. 
As oiM of ita foaudera and an ita zealuiiK friend and iti* moi*t able and volumfnoua writer, 
hia memory and hin eminent aerviceH in tlie infancy of the magazine can moat fittingly 
1m commemorated by thia vketrh of hit* life and work. At the Manie time thiH account of 
one whoee name haa for the paMt forty yearn been neen frequently in geological, educa- 
tional, philoaophical, and even in theological literature^ will HatlMfy not only a demand, 
bat a Junt expectation which hat* often l)«*en expre««i»ed Mintre bin death. We are con- 
vinced alao that the readers of tlie Gsoi/MiiHT in general will take pleasure in receiving, 
in lieu of the miscellaneouH contribntiona witli which the GEouHaar uaually ia filled, 
thia joint memorial of one whone voice, now nilent forever, tliey haxe many timeM hennl, 
perhapH, either in thecla^H room or on the public platform. 

I. .SirKXKSS. I»KATII AM) FI'NKRAL. 

Pn)l)ahly the first appri'luMisioii of sorious iKKliiy iiiiiiKMit of th« 
late Dr. Alexander Wiiu*hell, hv othei*s than hiiii.self luul family, 
wuH ex[)erieiiewl while he was in attendance at the WaHhiugtoii 
meeting of the (teological Society of America (!>e<H»mber 25>-Hly 
18l>0),whei*e he served as the pri^siding officer in the alisenet^ of the 
president (Dana) and of the first vice-pn*sident (XewlH»rry). Several 
notiee<l the ashen hue of his countenance, and thos4» more intimatelv 
acquainted with him knew of a weakness of !imh, and a shortness 
of breath with which he sulfenMl. He iK»rsistently adhereil to the 
discharge of his <lutics. however, in connection with the Geologi- 
eal S^)cietv, whether of an official or of a social character, and 
after adjournment he repaired immediately to his home at Ann 
Arl)or, where he was inclined to remain until his strength should 
return, llavinjr, however. sev«M'al entraircinents to h'cture 1m* 
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remained quiet but a very few days, when he visited Highland 
Park (ne4ir Chicago) and Milwaukee, where he gave public lec- 
tures. Immediately on returning home again he entered on a 
course of four lectures on Evolution^ delivered before the Geolog- 
ical Societv of Ann Arbor. His weakness increased, and he 
could with dirticulty walk to the lecture hall in the University 
buildings. The fourtli lecture was never given, because the 
family physician, summoned against his protest, interposed, an<l 
before he could be restored death had put his veto upon it. 

The maladv with which he had suffered for raanv years, and 
which he fully understood himself, Init never mentioned to his 
family, crept upon him very slowly to its fatal termination. He 
had noted for several months that he V>ecame easilv wearied 
physicall}'. His breathing was difficult, and he had asthmatic 
symptoms. Nights he slept little, sometimes being compelled to 
rise in order to obtain relief from hard Ijreathing, or panting. 
This he attributed to heart disease, but still kept about his work. 
Finall}', when confined to his room, and mostly to his couch, he 
was regretful of the time he was compelled to lose in that way. 
His mind apparently ran over the themes of his lectures, and he 
planned new topics. ^*You must not think lam idle, though lying 
here," said he, ''for T have laid out two or three articles to be 
written." Later, the same day, he said: ''I believe 1 can dem- 
onstrate mathematically the necessity' of a modification of the 
nebular hypothesis of La Place. " Still later he explained what 
he meant by the modification which should be made in the nebu- 
lar hypothesis. **1 believe T can show mathematically that each 
successive annulation was accompanied by, and caused, an en- 
largement of the orbits of every earlier ring; and that the various 
orbital diameters of the resultant planets have been enlarged from 
time to time, or pushed away from the residual mass." When it 
was remarked to him that the La Placean hypothesis required a 
constant shrinkage of the central mass, having once been extended 
to the utmost limits of the solar system, and that by loss of ring 
after ring it had been reduced to its present condition and size, 
*'Ah well," »aid he, ''let those defend that who believe it, I be- 
lieve that, like an exogenous tree-trunk, the outer diameters can 
be shown to have been enlarged from time to time." This seems 
to be a new conception. It certainly would have been embraced 
in his "World Life," had it ever been presented before, but we 
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find nothing of it in that vohimo. Tho suggestion seems to be a 
fruitful one, and may i)e establislied or refuted by some compe- 
tent physicist. 

The immeijiiite cause of death was suffocation, superinduced 
by dropsical sex^retions whicli permeated his whole system, and 
finally filled his lungs. The primary pathologic cause was aortic 
Menosis, by which the aortic orifice was so reduced that the neces- 
sary amount of blood could not piiss it, deranging the whole cir- 
culation. The cause next more remote was a sev^ere attack of 
-* 'inflammatory rheumatism" in the spring of 18r)5. and the origi- 
nal cause, as traced back by himself, at the time, was long ex- 
posure, in Februarj', to cold in working in the University museum 
4it Ann Arlx)r without fire. 

His old-time college friend, Rev. Wm. S. Studley, 1). J). , of 
Evanston, Til., conducted the funeral, and delivered an appro- 
priate and eloquent address.* The burial was in Forest Hill 
•cemetery, Ann A rlx)r, where four of his children had preceded him. 

His death brought forth numerous expressions of sorrow and 
testimonials of esteem, some of which were dispatched fix)m 
points as remote as San Francij^co and Boston, and from several 
in Europe. One came from Central America, bearing a sprig of 
^elweiss from the Swiss Alps. The geologists of the United 
States Geological Survey gave expression of their sentiment and 
s^'mpathy, in the following words: 

Washinciton, D. C, February 20, 1891. 

♦ 4C * * By hig unflagging devotion to science and his equally 
x^onstant and Buccessfal efforts to promote and extend beneficent knowl- 
edge among men, Professor Winchell justly won the respect and ad- 
miration of his fellow-students throughout the world; and by his per- 
sonal uprightness, the honorable motives manifested in his daily life, and 
his unfailing courtesy, he inspired the esteem and friendship of his pro- 
fessional associates in those scientific gatherings and institutions in 
which he always took so active and worthy a part. 

As students of geologj- we deplore the death of one of the foremost 
geologists of the centur^^; as personal friends we mourn the loss of one 
of the most highly esteemed in our circle; and in this, our common be- 

♦This address with several others delivered at a memorial service at 
the Methodist church, May 10, 1891, has been published in pamphlet 
form. The "University memorial," embracing the address of Prof. M. 
W. Harrington, May 3, has also been put into pamphlet. The memorial 
address delivered before the Geological Society of America, in August, 
1891, bvhis brother, Prof. N. H. Winchell, is included In Vol. Ill, of 
the Society's bulletin, together with resolutions adopted by the Society. 
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reavement, our heart« go ont in syjiipathy to the stricken family whose* 

sorrow we share. 
Signed: 

J. W. Powell, G. K. <i4lbert, 

C A. White, Arnold Hague, 

Makcus Bakek^ 8. F. Emmons, 

J. S. DiLLKK, W. H. Holmes, 

('has. D. Walcott, C. Willard Hayes, 

Wm. H. Da LI,, Israel C. HussEUi, 

A. H. Thompson, Henry Gannett, 

Walter H. Weed, Nelson H. Darton, 

Bailey Willis, Garrick Mallkry, 

W. J. McGee, Henry AV. Hrnshaw. 

The University Senate, Ann Arlwr, iwlopted a memorial ex- 
pn»ssion of the loss sutfeixMl b>' tlie University, from which the 
following is taken : 

* * * * To some of his books it was given to gnid« to a degree 
rarely accorded to liooks in these days, popular thought on the subjects 
on which they treat. They have had an influence which few scientific 
books have ever reached. They have not only made their author one of 
the most prominent figures in American science, but have made his name 
a household word in thousands of families. 

But we feel the loss of Dr. WiiichelL not only l>ecause of his eminence 
in his chosen field of work, but also because of his personal qualities. 
He was a man of impressive ap|)earance and dignified bearing, a court- 
eous colleague and a faithful friend, and those who knew him l>est found 
in him depths of gentleness and affection which are found but seldom. 
He was absolutely unswerving in his allegiance to what he believed to 
be the truth. With true scientific instinct he firmly believed that all 
truth was one, and he devoted himself for many years to proving that 
science and revelation could not be in confiict. His faith in ascertained 
science was no less unwavering than his faith in religion, and in earlier 
days when su(;h an assertion provoked hostile and even bitter criticism, 
he dared to assert and maintain that geology and revelation were ia ac- 
cord. Unmoved by the storm which he had raised, firm in his convic- 
tions of scientific truth, and devout by nature, he then passed on to the 
study of the great problems of creation— problems to which his deeply 
religious feeling, his love of nature and his natural bent and grasp of 
mind all irresistibly turned him. With a reverent but master hand he 
endeavored to lift the veil of the |>ast, to follow the steps of creation, 
ascertain its laws, and follow its evolution. These were the problems to 
which he delighted to devote himself. His other studies were only inci- 
dental to these, or to the duties of instruction. It was under the inspira- 
tion of these grand problems that his most infiiientinl books were written, 
and his most eloquent discourses delivered ; and, as it happens, his last pub- 
lic le<;tiire, the last lecture he was destined to deliver, when the feeble- 
ness of mortal <li8eas<» was ovenrome ])y the inspiration of his subject, a 
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lecture which called together so many that his class room had to be ex- 
changed for University Hall— that \\U last i>ul)lic address was again 
devoted to one of the noble problems of creation. It was a fitting sub- 
ject for the last discourse, and a fitting close for the pu!>lic life of so 
great, so able and so devout a man. 

A noble and striking personality, u man of great learning an<l lofty 
ideals, has Iwen stricken down, and we grieve at his loss; a gentle and 
earnest spirit has left us, and we mourn. * * * 

The I-niversitv Musiciil Society, the Ann Arbor (JeoWieal 
Society, the Wesloyan Guild of the rniversity of Michigan, Jiiid 
the trustees of the Methodist Kpiscopiil church at Ann Arl)or, of 
all of which he wils president, adopted similar tril>utes. The 
Hamilton (X. Y. ) Theological Seminary an<l the Daven^Kirt Academy 
of Science adopted resolutions of regard an<l sympathy. 

The (TtH>logical Society of America, of which he was also pres- 
ident, at its meeting in the following August, had an appropriate 
memorial address, delivered by his brother, Prof. N. II. Winchell, 
and adopted resolutions presented l»y a committee, of which Prof. 
Edward Orton, of Ohio, was chairman. The address and resolu- 
tions are published in the Bulletin of the Society for IKIU. 

A multitude of tributes from personal and scientific frien<ls 
were received by his stricken family, but thev need not here be 
further referred to. An extract from one simply will suttice: 

My admiration for him was boundless. He was the most learned man 
I have ever met, and I preferred his society to tliat of any other Ameri- 
■oan scholar. BUhop yettumu. 

II. PERSONAL HISTORY. 

Alexander Winchell was born of parents in humlde l»ut com- 
fortable circumstances, l>ecemlK»r31, 1824, in the town of North- 
east. Dutchess county, New York. The ancestral homestead, a 
large frame farm-house, for many veal's us^d as a h<istelrv l>y his 
grandfather, Col. Martin K. Winchell, for the accommodation of 
the travelers who passed by the stage route l>etween the Tlud.son 
valley and the towns of southwestern Massachusetts, still standing, 
is surrounded by an undulating mountain plateau forming one of 
the spurs fif the Taconic mountains, and long known as Win- 
chell mountain. His father was Horace Winchell, fifth child and 
third son of Col. M. K. Winchell. His mother was Caroline 
McAllister, of Northeast, of Scotch-Irish ancestry. fn)m the 
Protestant families of the north of Irehuul. His fathers descent 
is traceable <lirectly to Robert Winchell, an Knirlishmun wlw) set- 
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tied at Dorchester, Mass.. in 1034, and removetl with the first 
settlera to Windsor, Conn., in 1635.* His father died in 1873, 
at Lakeville, Ct., at the age of 77 years. His mother still lives^ 
at L^'nn, Mass. , with her daughter, at the age of 85. Some of 
the dominant traits of Alexander's mental, as well as physical 
constitution were derived from his mother. 

1824. He was the first-lx)rn, and under his father s fond tuition 
he received not only the first elements of his education but the 
earliest impressions of hononible striving and achievement. His^ 
father and mother had both been teachers in the public schools of 
the town, and Alexander's training profited by that experienc>e. 
On the day that he was seven years old he recited, without mis- 
take, the entire • -Multiplication Table " to twelves, and had com- 
pleted Emerson's First Part of mental Arithmetic. When three 
months past ten he had been through Wilhtt's Arithmetic (similar 
to Dalx)irs) and had transcribed all the definitions, rules, prob- 
lems, and full solutions in a manuscript lx)ok, which is still ex- 
tant among his papers. This early l)ent for mathematics re- 
mained through his entire life, and gave shape to numerous- 
discussions and arguments. 

183S. He wjis at first <lestined for the profession of medicine^ 
and spent two years with a great uncle, Dr. Charles IMcAllister, 
in South Lee, Mass., attending the ' 'Stockbridge Academy'' in 
the summer and the village school during the winter. The Latin 
which he had begun with his father in 1837, was here resumed. 
Tn 1840, being still too 3*oung to begin the study of medicine, ho 
visited his parents, intending to remain a 3'ear. Having one da}' 
expressed to his father a desire to teach, though not yet 16 years 
of age, his father immediately responded that he would obtain a 
position for him, and a district school was engaged, which he taught 
during the winter of 1840-41, his patrons supposing him to l^e a 
young man of 21. Here one of his amusements was the collection 
and solution of arithmetical prol)lems. He began here the practice^ 
contin\u»d ever afterward, of putting on record the results of his read- 
injj and study. He luul already filled two volumes with arithmetical 
solutions and rules. Here also he began the keeping of a diary, and 
a strict account of expenditures, forming a habit which he never 
lost, and which furnishes the materials for this pei'sonal sketch. 

♦Genealojry of the Family of Winchell in America, embracing the 
etymology ami liistory of the name. Alexander Wincbell, 18(»0. 
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1841. His fondness for teaching l>eing confirmed, he engaged 
another school for the snnimer of 1841, and (hiring its progress 
lie pursued, at his leisure, the study of some higher mathematics. 
Day's Algebra he completed by himself, resolving every equation 
and problem, absolutely without assistance, and writing all the 
results in a l)ook. Before autumn he had also finished Davies' 
Survtyhig^ and then Flint's Stwceijing^ writing as before all the 
solutions in a lx>ok. During the winter engagement of 1841 and 
1842 he tiiught Gunimere's Suneifuig. In March, 1842, he 
joined the M. E. Church, in Pine Plains, Dutchess county, N. Y., 
and this membership he maintained to the time of his death. 

1842. By this time he felt that the stud}' of medicine must Ije 
jiostponed for a more (extended course of i)reparation. In fact 
the resolution was virtually forme<l to devote himself to the life 
of a teacher. In the summer of 1842 he took up Greek by him- 
self. All this time he receive<l spirite<l encouragement from his 
father, although he had now pass(?d beyond the limits of his 
father's education. He was working with Goodrich's Firnt Les- 
sonSj when Rev. Davis W. Clark, then principal of Amenia Sem- 
inary (afterwards ))ishop) made his acquaintance and urged him 
to enter the Seminaiy, which he did 8eptemlH»r 6, 1842. The 
winter of 1842-4*5 was, nevertheless, spent in tea(;hing a district 
school; though he pursued by himself the study of the ^Enetd^ 
and of Sallust's (ynfifiiif. Astronomy, which he also studied, 
fired his imagination, and aroused latent perceptions which later 
l)ecame longings, and blossomed into lK»autiful fruition in his 
Wurhl Life. 

1843. He rejoined his chiss in the spring of 1S43, and stood 
with them the examinations in the studies of the year. During 
the winter of 1843-44 he was Assistant in the Seminarv in the 
English department, in the spring taking Principal Clark's classes 
in Algebra. His studies this term took a remarkably wide range. 
Besides completing his preparation for a collegiate classical course, 
he finished the * 'teacher's coui-se " in the seminarv (in(*luding 
g(H>logy, mental philosoi)hy, Palev's EvuhiueH nf Christianity, 
and natural theology), and receive<l the diploma. He was vale 
dictorian of his class, and acted a part in a dramatic sketch (writ- 
ten bv himself) entitled Th*' Ri'iifu of Ttrrnr. There remain to 
this day, among the older, and especially among tlie later students 
at Amenia Seminarv, trji<litions of the mathematical achieve- 
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meats of **that l)oy Winchell" during the last year of his study 
there. 

1844. He was now prepared for college, but the difficulties 
that beset a youth who at that time aimed to acquire more than a 
common school education, if without means to meet the financial 
obligations, in any of the colleges of New England, can only Ik* 
enumersited bv those who have encountered them. His friends 
generally regarded the idea aschimeric^il. For a sustained aspini- 
tion to secure the benefits of such a course he here acknowledges 
himself indebted again to his father, who was educated at 
Phillips Academy, Andover. and tolas uncle. Abraham Winchell, 
who had received a liberal education at Yale and Harvard. How- 
ever, in September, 1844, he was matricidated as sophomore at 
Wesleyan l^niversity, Middletown. Conn. Here he encountered, 
with indignation, the first check in his educational ardor and suc- 
cess, in a rigorous '-marking system,*' which at that time laid 
special stress on the literal reproduction of the words of the 
text-l)ooks. Like most of his class-mates — among whom were 
Kdward (layer Andrews (now bislu)p), Cornelius Cole (since con- 
gressman from California), Orange Judd (benefactor of his alma 
mater and long the distinguished agricultural editor), Joseph K. 
King (the well-known president of Fort Kdward Institute) — he 
left the struggle for college honors to the very few who could 
cramp their natures to the narrow conditions of succ,ess. Here- 
tofon^ he had always expected to win the first premium whenever 
a prize was oflTered for comj)etition, but from college honors pi-of 
fered under so narrow conditions he turned in disgust, and he 
always recollected with in<lignant condemnation the contrast be- 
tween this discipline and that more generous and encouraging 
which he had experienced at Amenia Seminary, under Principal 
Clark and Joseph Cummings. 

1845. The winter of 1844-4.") he taught the village school at 
AVinsted. (\>nii.. and in 1845-41) he was a.ssistant in Simmons* 
Classical School in his native town. He graduated with his class 
in 1847. iKMUiT assiijned the * 'honor" of the "modern classical 
oration." His theme was The DfiifHprhnj af Jttilian Littraturr. He 
then became teacher of natural science at Pennington Male Sem- 
inary, N. J., where he entered with irrei)ressible zeal and delight 
u|K)n the study of the fiora of the vicinity, by the ai<l of that ad- 
mirable work. Darlinirlons /Vo/v/ Ccsfrira'. As the Morse electric 



telegraph had jnst "been put in operation between Baltimore and 
Washington he set himself to the task of producing, with his own 
'hands, a working instrument, and though nothing l)e>*ond the 
fundamental principles had been made known to him, he suc- 
ceeded perfectly. At a pu])lic exhibition and lecture he em- 
ployed an alphaViet of his own invention for transmitting intelli- 
gence to the farther corner of the hall. \\y popular re<|uest this 
lecture was repeated. Here also he gave a series of popular lec- 
tures on astmnomy. During this year he devoted considerable 
attention to the study of Hebrew, under the instruction of prin- 
cipal Kev. S. 31. Vail. The grammar used was that of Seixas; 
and as no copies were found in the market, he did not hi^itate to 
make a manuscript copy for himself. Years aftcsrward, his 
honored instructor, remembering the incident, presentiHl him a 
printed copy. 

184(i-4J>. Tie now began to feel that the field of mathematics 
was less spacious and inviting to enterprise than that of modern 
science, and, declining the tutorship in mathematics tendered him 
by president Smith of Weslevan l/niversity, and the offer of con- 
tinued position at Pennington Seminary, he returned to the Semi- 
nary which had pivpared him for college, where he accepted the 
cliair of natunil science.* Here he gave his first public geological 
lectures. During 1H4I> he made a thorough exploration of the 
flora of the vicinitv. With the small reflector of the institution 
he made some observations on solar spots, which were publisheil 
in the New York Tn'lnmc for November 5, 184J). He began here 
also a series of meteorological observations which were rej>orted 
to the New York regents, and published in the reiK)rt for 1850. 
Thi»se and later observations are incorj)orated in the (juarto vol- 
ume on New York meteorology by Dr. Hough. He was married De- 
cember T), 1849. to Miss Julia F. Lines, of Utica, N. Y.. who was 
the teacher of instrumental music at the Seminary. 

185(1. In 1850 he transmitted to the New York Board of Re- 
gents his first contribution to science, being a Catulotjue of planta 
jfoinul ijroiriinj tritJiont rtfftirafton /// ffui vicutitif of Anwm'tt aScih- 
iutu'i/.* In Jul v. 1850. he received from his alma mater the de- 
gi'ee of iimstvr of arts, delivering on the occasion, by appoint- 
ment, an oration on ^Vorh\ 

Having accepted the charge of an academy at Newbern. (Jreene 

*Heir«Mit's Ueport. 1S"»1, p. 'V^i\. 
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Co., Ala., he presented his lK)tanical collection, numbering 1,000' 
plants mounted and labeled, to Amenia Seminary, and set out 
with his wife, October 5, 1850, for his destination in the then, 
distant south. 

Here, with the expectation of a larger field for observation audi 
study, he found the "Academy*' was located in the woods, in iw 
small settlement, in the heart of the richest cotton lands in the 
state. It was materially unlike the situation which his imagina- 
tion had pictured, but with the co-operation of his wife, and with 
the calculation of eclipses for an amusement, he entered upon th»- 
work of "building up" an institution — and not without some suc- 
cess, but the beginning was too small to suit him; and, having 
visited Kutaw, in the same county, for the purpose of purchasing 
some unused apparatus from an inanimate institution, he was 
induced to change his plans so far Jis to use the api>jiratus where 
it was, and attempt the resuscitation of the institution. Accord- 
ingh^ in the spring of 1851 he opened the "Meso|)otamia Female 
Seminary," with a full corps of assistant teachers, and the usual 
paraphernalia, accompanied by the seductive announcements suited 
to the occasion and the latitude. 

1851-52. There had always been an unrealize<l vision floating 
before his mind, of a course of scientific Investigation. Here he- 
entered j^ith zest upon its execution. He fitted up a chemicaT 
lalx)ratory, and, making some quantitative analyses, thej' were 
published in the Kutaw papers. He had already communicated 
to the Ameriran Journal of Science aud Arts notes on the cold of 
January at Kutaw, Ala. , and on the aurora borealis of September 
21), 1S51. He also opened correspondence with the Smithsonian* 
Institution, and, kindly encouraged ])y Prof. S. F. Haird, assist- 
ant secretary, busied himself in making collections of plants, ani- 
mals and fossils. During 1852 he transmitted to the Institution 
a large collection of plants and a considerable number of alcoholic 
specimens and preserved skins. Among the fishes was a new 
species, afterward descri))ed by (rirard as Ilybopsis winchelli. 
The Cretaceous fornuition of his vicinitv interested him exceed- 
ingly and he made a faithful study of Choctnw Bluffs on the 
Black Warrior river, the results of which he communicated,, 
through Prof. Baird. to the Cleveland meeting of the American 
As.sociation for the Advancement of Science, in 18515. This was 
the first scientific description of the locality. Some of the 



Alexander Winc/telL 81 

scientific papers published in the Eutaw journals in 1851-52 and 
1853 were as follows: Yelfow Rain, in which he firet announced 
the nature of the sulphur-like substance appearing in little pools 
after a spring rain. By chemical analysis and by microscopic 
examination he proved it to be pollen from the pine regions of 
the Gulf l)order. Other topics were Venomous Serpents; Analy- 
sis of Artesuin Water; On the Use of green wood for Fuel; Ex- 
ami nat urn of ''^Sfindy Land'' Soil; The Garpikc. 

1853. In 1853 he had the satisfaction of witnessing the veri- 
fication of his first geological opinion, ventured on an economical 
question. Artesian wells were extremely common throughout the 
region south of Eutaw, and it was much desired to have such a 
well in the village. He pronounced against its possibility, basing 
his judgment on the fact that the water-bearing stratum at the 
bottom of the Upper (^retaeeous outcropped half a mile south of 
the village, while the Lower Cretaceous wa*i composed chiefly of 
non-porous, argillaceous beds. The authorities, nevertheless, ex- 
pended a thousand dollars in an unsuccessful experiment. 

In Jul}', 1853, he made the acfjuaintance, at the "Commence- 
ment" of the Univei'sity of Alabama, of Prof. M. Tuomey, who 
proved a valuable friend. Here he. saw for the first time those 
classical works for the southern geologist, ^lorton's Synopsis of 
tfie Crefficeons system of the United States, and Conrad's Deserijy- 
tion of Tertiary Shells. The former he transcribed for himself, 
and returned to Eutaw with new impulses toward investigation. 

Successful management of a southern female institution of 
learning required, at that time, a large amount of pei*sonal solici- 
tation, and much pandering to the southern love of display. To 
this he could not willingly stoop, even had he not determined to 
devote his vacations to scientific work. Partly for this reason, 
and partly for reasons for which he was not responsible, the sem- 
inary did not prove tus prosperous as might be desired ; and, hav- 
ing been elected president of the 'Olasonic University' at Selma, 
Ala., he sold out his affairs at Eutaw, and in July, 1H53, entered 
a new field. 

Armed with a ••Prospectus," he st^irted out, with a horse and 
buggy purchased for the i)urpose, to sprea<l the chums of the 
University V)efore i\w people of southern Alabama. The unan- 
nounced secret of the exp(»dition. liowcviM". was the purpose to 
make it a (jeoloyiml tour. Not neglecting business interests to 
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any glaring extent he traveliHi by Caliaba, Prairie Bluff, Clai- 
borne and the Zeuglodon locality in Macon county, as far as 8t. 
Stephens on the Tonibigl)ee; and thence b}' Camden and Allen- 
ton, on the east side of the Alabama river, to Selma. No richer 
or more attractive region was ever open to the geologist. He 
stood where the veteran geologist Conrad had stood ; he studicnl 
where the distinguished Morton had studie<l; he explored the 
hole where Dr. Koch had exhumed his //yr//vi/r/fo«,and picked up 
the vertebrne of that serpent-like cetacean with his own hands. 
He gathered large quantities of Cretaceous and Tertiary fossils, 
and from Claiborne he shipped two Inirrels full to the Smithsonian 
Institution. The yellow fever was raging in Mobile, and had 
almost reached the districts which he visited: but a different fever 
was raging in his veins. At Clail)orne he collected a quantity of 
undescribed fossils from the lowest beils of the Eocene, and fixed 
the northern limits of that formation twenty miles further north 
than had been mapped by Tuomoy. For miles south of Selma 
he saw the fields overstrewn with Hlppuritvin which the planters 
profanely burned into lime — as in Macon county they were using 
the precious vertebrte of Zeuglodon for »Hlog-irons" (andirons), 
stiles and gate- weights. His collections arrived at Selma in good 
condition, and he devoted the remainder of his vacation to jissoit- 
ing and determining them. 

The collections sent to the Smithsonian Institution were highly appre- 
ciated by Prof. Bainl, who wrote, December 26, 1853; **Tlie collection of 
fishes is magnificent, nearly all undoubtedly new, six species of PomoiU 
alone, cannot give complete lists at present as the genera, even, of some 
are indeterminable. The whole is the richest collection we have ever 
received from the south. * * * l^nless I much mistake vou and 
your abilities it won't be many years before you will be called to a big 
professorship somewhere north or east. Mark my words for that " — 
Nine days after these words were penned he was elected to a chair in 
the Universitv of Michiiran. 

It will illustrate how long the scientific investigator must wait, some- 
times, after the seed is sown, before he can reap his harvest, to note that 
the geological specimens collected on this southern Alabama trip in 
1853, and sent to the Smithsonian Institution, were investigated first in 
1880, when Dr. C. A. White took them in hand, and among others de- 
scribed Ej'(Hjifra irini'hdli from those sent from Prairie Bluff, on tlie Ala- 
bama river.* 

♦Proceedings V. 8. Nat. Mus., 20 May, 1880, p. 21)4, pi. n, figs. 2 and 3, 
and pi. Ill, figs. 1 and 2; also Annual report of the Hayden Purvey for 
1870, pi. XIII, figs., 1 a, b,c,d. C(>mpiire the Annual RepoVt of the Institu- 
tion, 185o, pp. 51, 52, 57. 



The »«UniverHity'* opened with encouraging' prospects; ]>ut 
within a few days the yellow fever made its appearance in the 
city in a very malignant form. Half the population fled; the 
institution suddenly sus|)ended operations. Two deaths ocxjurred 
in the house where he, with wife and little daughter, was I'esiding,. 
but he and his famil}- remained at their post. In Noveml>er he 
received a letter (dated November 16) from president Tappan of 
the T^'niversity of Michigan, announcing his election to the chair 
of "'Physics and Civil Engineering'' in that University. This 
position he quickly accepted, and the Masonic University was 
abandoneil for a long vacation. His fossils were packed for the 
journey, during the long, silent and solemn days of visitation of 
the yellow fever. 

Before leaving the state he paid another visit to Prof. Tuomey,. 
taking with him a trunk full of fossils, from which Prof. Tuomey 
was permitted to retain all he chose. Among them were the un- 
described Eocene fossils from Allenton. These i-emained in his 
hands awaiting attention until the federal army visitcnl Tuscaloosa 
during the war, when, with the treasures gathere<l by Pi-of. Tuo- 
mey himself, they were devote<l to destruction. 

1S54. He enteretl upon his duties at Ann Arlx>r. the 24th 
day of Jan., 1854. at the full pnifessor's sidar}' of $1,150 per 
year. His family who had visited in Utica, N. Y., joined him a 
month later. 

The work of the chair devolvwi upon him a large amount of 
preparation. Instruments and appanitus were wanting, and he 
visited New York to make purchases. No goo<l elementary text- 
books in civil engineering were in existence — a deficiency s|>ecially 
felt in the department of niilroad surveying. He was obliged to 
compile and originate matter and metho<ls-. so that within a year 
or two he had wrought out the material for an original work on 
civil engineering. As a branch of physics he attended to the 
keeping of a complete seri<»s of niet(H>rological ol>servations 
which, while he held the chair, he reported to the Smithsonian 
Institution. 

The State Agricultunil Collt^ge of Michigan, then laU»ly estab- 
lisheil, had not yet In^en definitely locatwl. The (juestion of site 
had been referred by tlit*. Legislature to the executive committee 
of the State Agricultural Society. Seeing that they were alx)ut 
to decide, if thev had not alreadv decide<U ow a location in the 
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unsettled interior of the state, he drew up a communication on 
the subject, addressed to the executive committee, urging rt»A8ons 
for connecting it with the State Univei-sity. The argument did 
not prevail, but the pa|)er was published by the State Agricultural 
Society in its report for 1854. 

During the summer vacation of 1854 he made some excursions 
in company with Profs. A. Sager and Charles Fox, for the pur- 
pose of making collections in natural history. A specimen of 
shell-marl collected was analyzed quantitatively, and the results 
published in the Michigan Farmer, lie gave a good deal of study 
to the land and fresh-water-shells of the state, as well as to the 
reptiles and fishes. 

1855. In the spring of 1855, he became enlisted in an effort 
to found a state Natural History Society, in connection with the 
State Teachers' Association, and read a paper, — published in the 
Michigan Journal of Education for March, 1855 — On the Pursuit 
of the Natural JSciences. He also published a scheme of oi)era- 
tions proposed. But interest in such subjects was at a low ebb, 
and the organization was so loose, and scattered, that this project 
never produced much fruit. During 1855, Prof. L. Agassiz' 
prospectus for a voluminous work on the Natural History of the 
United States was issued, and through personal recjuest Prof. 
Agassiz appeals were addressed to the public b}' Prof. Winchell 
through the papers of Eutaw, Ala., and of Ann Arbor. In 
August he made a railroad survey from Ann Arl)or toward Jones- 
ville, as far as Manchester. 

On the basis of an understanding reached, on his assuming the 
<3hair of *<Physics and Civil Engineering," the University created, 
this year, the chair of **Geology, Zoology and Botany;" audio 
this chair Prof. Winchell was transferred. The meteorological 
instruments which he had purchased and used, impelled by his 
interest in natural physics, were surrendered regretfully to his 
successor. Prof. Winchell had indeed kept up a continuous series 
of observations ever since 1848, first at Amenia, under instruc- 
tions from the New York Regents, then at Newbern, Eutaw and 
Selma on the blank forms of the Smithsonian Institution, and 
lastly at Ann Arlx>r. He still continued, however, with his own 
instruments, the full series excepting the barometric records. 
The habit established of regular observations of the weather is 
traceable even through the last weeks of his life, since his diary 
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nearly always records the morning temperatni*e, and also makes 
mention of all extraordinar}' meteorological changes. His Ann 
Arbor observations were finally worked up under tlio auspices of 
the Smithsonian Institution, and also bv himself in connection 

/ ft 

with the geological survey of the state. 

1856. He read a paper, in 1856, before the State Teachers' 
Association, On the impfn'taiicr of the JStutf// of Natural History^ 
in which he advocated the introduction of these studies into the 
Union schools and the lower classes of the colleges. He read 
also papers before the American Association for the Advancement 
•of Science, at Albany, N. Y., on the Geoloyy of Middle and 
Southern Alahanta, and Sfatintirs of sonic Artesian wells of Ala- 
bama.* Much attention was given also this year (1856) to micro- 
ficopical studies: and a large number of drawings in colors were 
executed with the camera lucida. 

1857. In the early part of 1857, he contributed, by invitation, 
:& series of seven articles on Popular Edueation, under the signa- 
ture of *'Scholasticus," to the Detroit Tribune. In one of these, 
having animadverted on the **Prussian system," president Tap- 
pan put in a reply, extending over several numbers of the paper. 
It was stated at the time that the first articles emanated from the 
president of Kalamazoo College, Dr. Stone, and that president 
Tappan imagined himself replying to him. 

At the recjuest of Mr. B. F. Meek he made out a general table 
of the Cretaceous rocks of Alabama, which has entered perma- 
nently into the literature of the Cretaceous system, t He pub- 
lished this year also AGuideto th^ Pronunciation of Scientific Terms 
— a pamphlet intended for his own students, but which had quite 
a circulation among scientific men, until the edition was exhausted. 

During the summer of 1857 he made a minute microscopic in- 
vestigation of Lumbriculus. with colored drawings and descrip- 
tions. In the autumn and winter he drew up a detailed descrip- 
tion of the osteology of Marobranchus (Nccturus) lateralis. He 
opened in the autumn a class in comparative osteology, which was 
attended by aljout eighteen students from the Medical College, 
besides those from the Literary department. In subsequent years 
the professor of anatomy instituted a similar course for the medi- 
oal students. 

♦See Proceedings, pp. 82 and 94. 

fSee Proc. Acad. Xat. Soi. Philadelphia, May, 1857, p. 120. 



86 The American Geologist, yehniary, 1892* 

1S58. During the winter of 1857-58 he delivere<l a neries of 
public Icoturex, by request of tlie Young Men's Association of 
Ann Arbor, in the hall of the Union school. Except the public 
geological lectures of Dr. Douglass Houghton, in Detroit, this was 
the first presentation, before public audiences of the state, of the 
popular truths of geology. The final lecture, entitle<l. Creation 
tlie work of one iHtelUyencf, and not the. Product of Physirat Forces, 
was published in pamphlet form by the Association. This was 
inspired, confessedly, by Agassiz' splendid Essay on^ Classifica- 
tion, in the sentiments of which he felt a profound sympathy. 
In May, 1858, he publishe<l, for the use of his students a Synop- 
tical view of tlve Succession of Organic Types, which went through 
three editions. He carried through the Michigan Journal of Edu- 
cation a series of nine popular articles under the general heading 
Lear es from the Book of Nature. Huring the summer he visited 
Missouri, and held a ([luusi -connection with the geological survey 
then in progress under Prof. Swallow, sending to the Ann Arbor 
papers some account of what he saw. 

1859. In January, 1859, he memorialized the State Legisla- 
ture on the subjcK^t of a geological survey (House Document No. 
29); and the survey having l>een ordeitnl he was commissioned b}' 
Gov. Moses Wisner, as director. On the Ifith of May he set out, 
with a (ramp-outfit and one assistant, A. I>. White, for the per- 
sonal examination of the southern |)ortion of the Lower Peninsula. 
He served this yetir also as editor, and against his will, as pub- 
lisher of the Michigan Journal of Education, to which he con- 
tributed numerous articles and criticisms — among them a |x>pular 
solution of the celebrated -'Pendulum Problem. ' As president 
of the Statii Teachers* Association he manage<l its interests, and 
delivered the annual address on What Constitutes the Surcessful 
Teacher. In October, having, during the sejison, studied the geo- 
logical relations of the various lu'ine springs of the state, he pub- 
lished, in one of the (rrand Rapids pai>er8, a general conclusion 
from which he nevt»r had occasion to recede. He discouraged the 
attempt to produce salt at (trand Rai)ids. His exploration of the 
Saginaw region enabled him to locate the salt formation at the 
depth of 650 feet lieneath Knst Saginaw. This was before the 
first well was ]x)red. Experiment revealed the existence of a sup- 
ply of brine at 048 feet. As. during the same season, he had to 
oversee the (Section of his new resilience, costing alwut ten 
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thousaiKl (lolhirs, it is jii)i)aront tliat this was a year of unceasing 
aetivitv. 

l.^GO. In 18i)M tlie work of tlie survey called him to spend 
most of the summer season in camp around the lake shores. He 
was able to coJU'dinate the salt wells at different points along the 
Saginaw river. The leisure of the year was occupied by paleon- 
tological investigations. 

isr»l. His Rcjfort of Pi'fHjn'Hif nf thr Geohtyicnl Snrvaif^ an 
octavo volume of 839 pages, was published in August, 1861. 
In this he fully anticipated the vast development of the salt inter- 
est in the Saginaw valley. In const^quence of the outbreak of 
the war the Tjcgislature made no provision for the continuance of 
the survey, but the paleontological investigations were carried on 
privately through the year. As with all surveys the Michigan 
survey entailed on the <lirector a burdensome correspondence relat- 
ing to possible and i)rojected economic measures in various parts 
of the state. One only need here be mentioned. To an appli- 
cant for information respecting the existence of gyj)sum in the 
vicinity of Tawas, he indicated a ridge near the lake shore, whicli 
he had inspected during the season's examinations (not the well- 
known outcrop by the waters edge further south) as a locality 
conta idling prol>ably a large supply of gypsum. Some experi- 
menter^i had already pronounced the locality barren; but his cor- 
respondent, taking a location for the price of an ohl gun, sold it, 
after the discovery of IS feet of pure gypsum, for some thou- 
sands of dollars. On this spot has since been developed one of 
the finest gypsum (juarries in the world. 

1862-0:». His special paleontological study was <lirected 
towanl the .series of strata which he liad designated the ''Mar- 
shall group," a Carboniferous assemblage which had been regarded 
by American geologists as the e'(uivalent of the New York 
Chemung. \\\} published a communication on these rocks in the 
Amer. .lour. Sci. [2], vol. xxxiii. p. 853, which contained his 
first <lescriptions of new siH»cies. Further descriptions were pub- 
lished in the Proceedings of the Acad, of Nat. Sci. Phil, for 
Sept.. p. 405. He also published an article in Hunt's Merchants' 
magazine for September, on Tin: Saft Maiui/uctKrenf fhe Sayinaw 
Valht/ Researches in the Marshall group were continued through 
1HG8, and the following articles were published: Ou t/ir Lhutifica- 
tion <//* tin: CatskUl Rvd sttiulstone, ffi'onp irith thr Chf-muvg (Am. 
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Jour. Sci. [2], XXXV, (U); Descripfionn of foHtiils from tht- Yel- 
low tSfntdsfoitrs lying htmeath the Burlington limestone, at Burling- 
ton^ Iowa. (Proc. Acad. Nat. Sci. Phil. Jan. 18(JH). lie also 
published Dftteriptions of elephantine molars in the MuHeum of" 
the University of Michigan, (Canadian Naturalist, Octoljer, 18G8, 
p. 898.) Ho also investigated minutely the * 'Cherry slug," 
Celandria rerasi, and his report was published in the Proc. Bos. 
8oc. Nat. Hist., Feb. 1865. 

1864. In 1864 he made a detailed studv of the ''Currant 

ft 

worm" microscopically and embryologically. The results were 
published in the Detroit Free Press and republished in the Ameri- 
can Journal nf ^rieuee^ 8epteml)er, 1864. The following further 
papers were published this year. Fossils from the Potsdam Sand- 
stone of Wiseonsin and Lake Superior (Amer. Jour. Sci. [2] 
XXX VII. ]). 22()); Notiee of a Mastodon reeently discovered in 
Michigan. lb. [2J XXXVIII. p. 228; Description of a gar pike 
supposed to he new (Lepidosteus oculatus), (Proc. Acad. Nat. Sci. 
Philadelphia, Aug., 1864); Geological map of Miehigau: On the 
origin of the Prairies of the Mississijypi valley (Am. Jour. Sci. 
[2], XXXVIII, p. 882). 

1865. In Januar}', 1865, he delivered an address at Lansing, 
before the Kxecutive Committee of the State Agricultural Society, 
on The soils (tnd subsoils of Michigan, which was published by 
the Committee in pamphlet form. In this he insisted on the 
agricultural value of the ''pine lands" of the state, and jwinted 
out the existence of a large calcareous constituent in the sandy 
soils alx)ut Grand Travei*se lia}'. lie continued his investigation 
of the fossils of the "Marehall group," and published another 
series of descriptions of new species in the Pn)c. Acad. Nat. Sci. 
July, 1865. About this time his attention was much taken up 
with the phenomena of oil wells, and he was called to many and 
distant places for the purpose of making surveys. He visited 
and studied, in this way, all the oil-producing regions of the 
United States and Canada; and a large numlwr of his reports 
were i)ublished by the proprietors in separate pamphlets. He 
wrote numerous articles also on these subjects for the public 
journals. 

It was in February and March of 1865 that the germs of the 
malady which finally cause<l his death, were made apparent in an 
impairment of his general health and rheumatic pains. On the 
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invitation of Prof. James Hall, he visited Albany, carrying along 
with him a '^trunkful'' of fossils for mutual study and compari- 
son in Prof. Hall's laboratory. Simultaneously with the com- 
mencement of preparations for this trip, according to his diary, 
rheumatic pains were perceived in various pails of the lx)dy. 
These were attributed to having taken a bad cold through exposure 
in tlie Museum, where he had to work without fire. Once onlv 
(February 14) while at Albany, he notes -'continual fluttering and 
palpitation about the heart. Kars ring. Stomach impaired. No 
difficulty in drawing a long breath." llepairing to his father's 
home (Lakeville, Conn.) on February 10, he became much worse 
and passed through a severe siege of inflammatory rheumatism, 
under the faithful nursing of his mother, leaving there again for 
Albany on March 15, and reaching Ann Arl^or. March 22. Al- 
though his rheunuitic pains ceased gradually, the cardiac mani- 
festations were kept up, and increa.sed alarmingly. His diary for 
the next two or three years is burdened with references to the 
'^thumping'' and the '-spasms" which he constantly experienced 
about the heart. He consulted Dr. Abrani Sager soon after 
returning from liakeville, and from his treatment he experienced 
some tem|>orary relief. He carefully analyzed his own case, and 
the following may be taken as samples of many passages in his 
diary written when, at Ijexington, Ky., he was inaugurating, un- 
der Regent Bowman, the courses in natural science, at Kentucky 
University. For years, and apparently until he was wholly in- 
capacitated by the encroachment of the disease, he lived with the 
impending probability of sudden death constantly before him. 
After considering the (piestion whether the peculiar sensations he 
felt might not be centered in the stomach instead of the heart, he 
writes : 

Be that as It may the (4 re u instances have been such that I have been 
led to think much al)Out the probable shortening of my life. Xo one 
can think of death without some shrinking back. To go out of the 
world into the untried uacertainties which lie the other side of death Is 
a serious business — to drop half-flnished plans— to leave life's work hut 
half completed — above all to leave a little destitute family — to break 
their hearts with bereavement —to leave my little daughters to the trials, 
griefs and exposures of an orphan life — poor, education and accom- 
plishments not yet secured — Oh, this is trying. But it is after all for 
them rather than myself, that regret arises. As for me— the individual — 
I must die sometime, and the uncertainties of the future will be as great 
twenty years hence as now, and so far as regards nature's reluctance to 
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go down into non-existence, I have no desire to postpone the day. For 
the world*8 sake, for my name*s sake, for Rurviving friends* sake, I had 
hoped to do more for humanity, more for science than I have, I seem to 
he now prepared to labor efficiently in the field of well-doing, I had 
lioped to complete my work on Natural Theology— my Geologic Ages 
and my Physiological Zoolog}% And then I am half prepared to mono- 
graph the horizon of the Waverly sandstone. Would that I might be 
spared to do that. 

But there are real attractions on the other side of the dark river. I 
daily see, in imagination, my little angel trio standing hand in hand and 
looking longingly toward the shores of earth and wondering when papa 
will come. Oh, if I couUI feel the firm asmrnrn^e that I should meet and 
know them there, I should cast every regret aside, and joyfully, joyfuU}', 
await the day. It may be that I can attain to this assurance. I under- 
stand that others have enjoyed it; and I pray God his spirit may guide 
mo to the same acquisition. (26 Jan., IWT.) Again he writes (Feb. 11, 
'67): The other night as I was lying in bed and considering what could 
be the nature of the phenomemm, I concluded the most probable expla.- 
nation is this: The spasm occurs during the time of contraction of the 
ventricles, as is shown by the suppression of thepulse, and by the failure 
of the sharp, **deep" somnd caused by the closing of the mitral valves. 
It must be then that the mitral valves do not close when the ventricle 
contracts, and tlnis t!ie blood from the left ventricle instead of l)einir 
t!irown into the* aorta is forced back into the left auricle, meeting the 
blood just entering that auricle from the polmonary vein. This sudden 
and unusual intlux of blood from both directions into the auricle pro- 
iluces a concussion and distension of that auricle and possibly an un- 
usually si)asmodic struggle of the whole heart. As the right auricle is 
situated near the centre of the thorax and conti^ous to the stomach, 
the uilusual movement which it suffers is felt by the stomach, and thus 
that organ seems illusorily to be the seat of the abnormal action as it is 
the seat of the sensation. 

But in reference to this explanation it should be marked, 1. A regurgi- 
tation of the blood into the right auricle and a prevention by this means 
of the contents of the pulmonary vein from proceeding forwards would 
result in a momentary congestion of the lungs, which should be indi- 
cated by a sense of suffocation. 2. As I have never experieoced symp- 
toms of any real inflammatory action in the heart, or the region of the 
lieart, and have never even suffered any pain except occasional wander- 
ing or shooting pains, which many times were seated in the muscular 
layers of the chest, I do not perceive it possible (aside from the exist- 
ence of the spasms), that any such disease has existed in the structures 
of the heart as to cause an alteration in the constitution or efficiency of 
the valves. '». There exists therefore room for some other explanation 
of these abnormal symptoms. At the same time irregular or intermittent 
miction of the heart is caused frequently b\^ the state of the nervous sys- 
tem; and at the same time these spasms and the pathological condition 
on which they depend, produce no perceptible infiuence upon mj' health. 
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On the whole, therefore, I am left in a state of uncertainty as to the 
f'tct of valvular disease. 

Two things I have neglected to mention. 1. These sensations are 
about the same as are produced by a sudden shock- -as when a window 
falls, or a door slams, or some person suddenly starts up before one. 
This would affiliate them to nervous affections. 2. Occasionally, lately, 
when lying (juietly in bed, listening to the sound of the heart, I have 
fancied that the "deep" sound produced by the closing of the mitral 
valves is not as sharp as it used to be — but somewhat softened and pro- 
longed. This is as I believe it should be if there is an imperfect closure 
of these valves, and some of the blood regurnitates into the auricle. 
But if this is the constant mode of action T am sure some impression 
should be made on my respiration, which I have not yet detected. I 
breathe as long as ever, and I am no more inclined to pant than ever. 

In hypertrophy of the heart, the ventricles, from over nutrition, lose 
the requisite capacity; but so far as I (;aii see this would result only in a 
more sluggish circulation of the blood, producing a sense of faintness 
and suffocation — instead of irregHlanty in the pulse. 

1866. He applied himself. iiotwithstfindin<r tliosi* solemn pre- 
monitions, and perhaps partly through the sense of the brevity 
of bis remaining \'ears, to his duties and to all his plans, with 
great diligence and effectiveness. In 1S66 he puMisiied. in con- 
nection with Prof. Oliver Marcy, who supplied most of the si)eci- 
mens, ''An enumeration of fossils in the Niagara limestone, col- 
lected at Chicago, III. , " with two lithographic plates of illustrations 
drawn by himself. This contained descriptions of numerous new 
species. lie made this year an economic survey of the G ramf 
Travcrsf regum^ on which he published an octavo report of 82 
pages, with a map. In an appendix of 20 pages were embriiced 
descriptions of a considerable number of new species of fossils. 
This report first brought to notice the remarkable influence of 
lake Michigan upon the climate of the region, and the wond«»rfuI 
capacity 6t the latter for agricultural and horticultural produc- 
tion. The statements of the report aroused the incredulity of 
some of the state officials, and an independent survey was made 

which full}' confirmed the report. He read before the American 
Association at Buffalo, a paper on the Fniit-hvnrluy bilt itf Mirh- 
iyan^ in which, as in the report, he brought statistics to exemplify 
the hitherto unexpected influence of lake Michigan in ameliorat- 
ing the winter climate of the state of Michigan and prolonging 
the growing period. He read at the same meeting a paper on 
StrojiKttoporlfhrj in which he described two remarkable new genera 
of fossils, and established a new family. 
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Having declined the chair of Geology, Zoology and Botany in 
Kentucky Univereity, he was induced to accept a three- months 
winter engagement, and accordingly attended the Commencement 
in June, and delivered an inaugural address entitled A pha f*»r 
Science^ which the authorities published in pamphlet. Tn Janu- 
ary, 1867, he entered \\\iO\\ the temi)orary engagement. He was 
unwilling to sever his connection with the University at Ann 
Arbor. He aLso served the Kentucky University in 1868, and 
Kegent Bowman now pressed upon him unsuccessfully the presi- 
dency of the Agricultural college, which at that time conducted 
nearly all the scientific instniction of the University. About the 
same time he declined also the presidency of the I^niversit}' of 
GtH>rgia. 

1867. During the year 1867 he contributed to the North acH- 
p,n\ Christian Atfrncaftj published at Chicago, by special request 
of the editor, Dr. T. M. Eddy, a series of twenty-two articles en- 
titled Christian Thatloyt/ illustrated from Nature. Dr. Eddy had 
witnessed his method with a so-called **Bible Class" at Ann 
Arbor, and desired some of the results spread before the readers of 
the Aih'orate. The fundamental conception of this series of articles 
was the harmonv between the indications and doctrines of science 
and the central doctrines of the Christian religion. The scope of 
the discussion appears from the following analysis of the coui*se: 

Inthoductory. 

1. Nature and scope of the subject. 

2. Nature of the two revelations. 

3. Harmonv of the two revelations. 

TUE EXISTENCE of DfITV. 

1. Human conception of Deity. 

2. Direct evidences. 
The unity of Deity. 

1. Harmony of creation in reference to space. 

2. Harmonv of creation in reference to time. 
:i Harmony of creation in reference to plans. 

Divine omniscience and omnipotence. 
Divine benevolence. 

1. Indications of divine benevolence. 

2. Vindication of divioe benevolence. 
Divine Truth. 

1. Untruth incompatible with divine benevolence. 

2. Untruth is unnatural. 
Divine .Justice. 

1. Hangiji on the proof of moral law. 
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'2. The moral law written on the heart of man. 

3. Ihe moral law revealed in the material creation. 

CUKATIOX A DIVINE WORK, AND NOT THE RESULT OF DEVETX)PMENT. 

1. The inorganic history of creation. 

2. The organic history. 

The DURATION OF MATERIAL. EXISTENCE FINITE. 

1. The present organism had a beginning. 

2. The same hastening to an end. 

The ORDER OF CREATION. 

1. The order indicated by Moses. 

2. The order taught by science. 

Max THE LAST TERM OF THE ORGANIC SERIES. 

The ORIGIN OF our race in the Orient. 
The Xoachian deluoe. 

1. Uninspired evidences of its occurrence. 

2 The deluge not universal. 
Corporeal death not the consequence of sin. 
Sin, punishment and forgiveness. 
The existence of the soul. 

1. Innate convictions. 

2. Mind in nature. 

3. Correlative of the brain. 
Future existence. 

1. Innate beliefs. 

2. The indestructibility of spirit. 

3. The incompleteness of earthly existence. 

4. The attributes of Deity pledge future existence. 
Future progression. 

Authenticity op written revelation. 
Inspiration of the sacred scriptures. 
The necessity of faith, 
cvonclusion. 

These nrtieles attracted wide-spread attention in the circle of 
intelligent readers to whom they were addressed, and they received 
many testimonials to their value. It was critically pointed out 
that their method was much broader than had commonly been 
introduced into natural theology. He was solicited to put these 
contributions into l>ook form, and especially by the late Dr. B. 
F. Cocker, his beloved colleague at Ann Arbor ; but the treat- 
ment fell so far short of the* degree of thoroughness which seemeil 
to him befitting the theme that he resisted all solicitation to re- 
publish, entertaining the belief that within a year or two he would 
be able to offer the public a more adequate discussion. He began 
at once a re-cast of his argument, but the more he studied the 
more he became convinced that the apodictic and therefore the 
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satisfactory proof of the being of Qo(\ must be rooted ma prioti 
evidence. Illustrations from nature are all useful on the ante- 
cedent proof that there is any reality whose being and attriliutes 
are illustrated. With such maturing views he wrote one or two 
hundred pages again and yet again, during the succeeding veal's ; 
but a few months lapse of time so changed his conception of the 
most appropriate treatment that all which had been written was 
rejected. Out of some portions several articles were prepared 
for the Methodist Quarterly Keview (April, 1873, and Jan.. 1S74), 
viz: The unify of the phifsicnl world, and Religious ideas nmony 
barbarous tribes (Jan., 1875). Some of his maturer views were 
also embodied in a review of Cocker's Chrlstianitij and Greek 
Phtlosop/tf/ (July, 1S72). 

18()8. During 1S()8 circumstances directcil his attention par- 
ticularly to the popularization of science. He had written, in 
1858, a series of popular geological articles for the Mirhiyan 
Journal of Ed neat inn, and later had written a similar series for 
the Ladies' Repositorij, of Cincinnati, under the general title 
Voices from Nature, and at the special re(|uest of the editor, Rev. 
Dr. J). W. Clark. These Dr. Clark had suggested to him to have 
published in book form, under the title of The Gtolnyie Ayes, 
but he was not satisfied with the treatment he had there o:iven the 
subject, and resisted Dr. (Mark's flattering solicitation. 

11^ was beset, however, on every side, by reipiests for popular 
articles, most of which he had to refuse. However, from his pen 
appeared three articles in the •'Universit}' Magazine. *" four in the 
'•College Courant. ' and three in the ''Western Monthly." Tie 
conceived also an extension of the project of popular lectures, in 
which the grand conclusions of the sciences should be .set forth in 
more glowing and popular style than till tlien had been customary 
with .scientific lecturers of good scientific standing. His ex- 
perience in composition had convinced him that the pul»lic pos- 
sessed an api)etite for solid information, though they demanded it 
well spiced. Contrary, therefore, to the pn^cedents of his elders 
and the .strong conservative judgment of the leaders in science, he 
boldly took the risk of an attempt to present science in a popular 
garb. The result was about what he had anticipated. While 
fair audiences of deeply interested people attended his lectures, 
there were crowds who would be attractinl only by a great and po]>- 
ular name or a public entertainment which, either in its subject 



matter or its author, amounted essentially to a mere amusement 
or a spectacle. Though never devoting an}' j>ortion of his time 
expressly' to the husiness of lecturing, he gave annually twenty, 
thirty, or more such lectures and liis voice was hean^ in nearly all 
the cities of the West and Northwest where literary societies or 
lecture courses are maintained. 

In October, 1 875, when in Boston, he met Prof. R. A. Proctor, 
and attended two of the lectures in the course which he was then 
delivering before the Lowell Institute. In conversation he re- 
marked to Prof. Proctor the difference in the methoils pursued 
by Proctor and himself to gain the attention of popular audiences. 
Proctor took a special theme of limited scope, and brought out 
all the details and personal and biographical history connected 
with it. This appeared to him the method of the stor^'-teller. 
Winchell took a grand chapter of cosmical history, and pre- 
sent(»d synthetically the grand conclusions attained l)y science, 
ranging them in logical rather than chronological order — appeal- 
ing to the understanding of his auditors f©r interest, and to their 
imagination for illustrative pictures. In later years it was evi- 
dent that Proctor's lectures more and more adopted Winchell's 
method, at the same time also api)roxiniating more closely to the 
same fhtmcs. During his American tour of 1879-80 he made his 
lecture entitled ''The Life of a World" the staple entertainment 
for the pu!)lic. Tlis other lectures, *The >Io(m. " '-Death of 
Worlds,'" were simply amplified chapters in a general cosmic 
history. 

Dr. Winchell was perhaps the very first scientist in America 
who descended before popular audiences, from that high-caste and 
stately, but dry and unpopular, style in which the older scientists 
had thought it fit to cloak the dignit}' of science. Certainly no one 
but the elder Agassiz had previously attempteil a true populariza- 
tion of science, but his lectures were never heard by the plain 
people in the smaller citie^s throughout the country. He simpli- 
fied zoological themes, rather than popularized them, and lifted 
up his voice only in New York, Brooklyn, Boston. Mobile, San 
Francisco, or other large cities where the select appreciators of 
science were numerous enough to constitute an audience. Since 
18t>8 the popular platform has been occupiiKi by a considerable 
number of lecturers of scientific repute, among whom may be 
named Waterhouse Hawkins. Richard A. Proctor and Kdward S. 
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Moree. But two of these have relied largely for popular interest 
on what is really but some trick of black-board sketching. In 
Great Britain have arisen also the illustrious names of Tyndall, 
Huxley. Lockjer and others. 

This lecturing did not divert him but casually from his perma- 
nent plans of scientific work. Tn 1869 he prosecuted his studies 
on the * 'Marshall group;' .some of his contributions were included 
in other state geological reports, and the scientific journals. His 
most voluminous publication on the subject appeared in two num- 
bers of the Proceedings of the American Philosophical Society. 
This presents a general resume of discussions bearing on the 
rocks in question, a stud}' of their equivalency in the various 
western states and the lithologicaLand paleontological evidences 
of the unity and distinctness of the group, and its proper posi- 
tion in the Carboniferous system. 

1869. On the re-organization of the geological survey of the 
state, governor Baldwin re-appointed him director, an4 he was en- 
abled to resume the woA which had been suspended by the inter- 
vention of the war of the rebellion. Nine years had elapsed, and 
he had learned much, in his private travels for economic surveys 
at various localities, of the rock-structure and physical features 
of the state. He a.ssumed for himself the personal investigation 
of the Lower Peninsula, and committed to major T. B. Brooks 
the study of the Manjuette Iron region. As director he drew up 
a plan of operations which major Brooks pursued to the comple- 
tion of his work, some four years afterwards. 

1870. For several years he employed every opportunity to col- 
lect data relative to the Winchell name in America, and he put 
his information in systematic shape in a volume, w^hich appeared 
\\\ February, 1870. entitled Genealoyy of the Ffimily of Winchell^ 
an octavo volume of 272 pages, containing names of about 
1^,000 of his relatives. In March of the same year appeared 
'-'Sketches of Creation," a purely popular work embodying some 

of the grander views of geology which he had previously pre- 
sented either in print or from the public platform. ''Some por- 
tions of it indeed surpass the requirements of a popular style 
and become sophomoric and stilted." So he himself criticised it. 
It presented accurately, however, some of the accepted doctrines 
of science, and contained many thoughts and speculations original 
with the author. His picture of the primeval condition of the 
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•world, tuid especially of tiie stormy period, antedttted (in 185S 
iu the • -Michigan Journal of Kducation") the publication of 
the similar pictures of Figuier; and his 8p<*culations concerning 
the wjustage of th(» land, the final refrigeration of the earth, 
iind the sun, and the inevitable running down of the machinery 
of the solar system, were entirely independent; though it later 
appeared that Mayer had preceded him in reference to the doctrine 
of solar cooling, and Sir William Thompson had already an- 
nounced the germ of his doctrine of the **dissipationof <?nergy/' 
The ix>p\dar character of the work tempted several ignorant re- 
viewers to speak of it as a compilation, and as something similar 
to the attempts of Hitchcock and Hugh Miller. The Nation re- 
ceived it with that alTectation of superior wisdom, and that pomp, 
ous superciliousness which have since lieen the recognized char- 
acteristics of that conceited journal. With these (exceptions the 
work was received with a univei*sal and coriiial welcome. From 
his numerous scrap-lxM)ks the following,fiom the New York Luh- 
peinh'ut. is selected as a sample of the judgment of the l>est 
critics. 

But setting aside the engraver's help toward the rich attractions of this 
volume, and confining ourselves simply to the author's manipulation of 
words, w^e should call this a very picturesquf volume. Dr. Winchell is a 
learned professor of the sciences of geology, zoology and botany; but 
more than that he is a singular master of the art of telling about these 
sciences. His mind is filled with the poetry of science; he brings his 
heart and his imagination into the field as allies of his analytic faculties; 
and his essays in the popularixation of science are really extraordinary 
specimens of word-painting. Like Waterhouse Hawkins, Dr. Winchell 
is a popular orator of the facts of natural science; and like Hugh Miller, 
Tyndall, Huxley, Agassiz, he is aho the graphic rhetorician of those 
facts. H any one has supposed that geology is a dry, dull science, he 
can be cured effectually by the perusal of the Shriches of Creation, It 
clothes the dry bones of an august science with the living fiesh and 
splendid vestments of poetry. Its rehearsal of the tremendous story of 
the physical universe is a superb prose epic. 

In similar strain wrote the New York- Evtniny Post, the Chicuyo 
Post, ami nearly every other reviewer. The remarkable sale of the 

i t^ ft 

work combined with these commendations and many friendly let- 
ters, demonstrated that the author had reached the very audience 
for whom he wrote. The publishers accounted to the author for 
4,181 copies sold within the first six months, and they testified 
8nbs<H|uently that no scientific work ever published in America 
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Imd found 8o large a sale as the Sketches of Creation. A large 
demand has continued to the present date. 

Almost simultaneous^ appeared his Geoloyical Chart, intended 
for the class-room of the college and the High School. 

1871. But his principal activity was demanded by the duties 
of the geological survey. In the latter part of 1870 he drew ui> 
a pi*eliminarv cast of a report of progress, and in Jan., 1871, it 
was submitted to the Legislature. It was printed at once in 
pamphlet. This did not attempt to eml3ody results, but set 
forth the plan of operations and the scope of the work contem- 
plated, producing estimates of fiual cost, with a degree of un- 
reserve more candid than judicious. The greater part of an 
octavo volume was substantially ready for the press. But a hos- 
tile influence had insinuated itself into the Legislature. The 
Senate very promptly pa.ssed a bill making appropriations for pub- 
lication : but the House was now under the manipulation of one 
S W. Hill, from the Upper Peninsula, who had taken otfense at the 
employment of Prof. U. Pumpelly, instead of himself or some 
other resident of the district, to prosecute the survey of the cop- 
per region. Mr. Hill had been a subonlinate employe of the 
survey under Foster and Whitney, and wtis known as an exploring 
miner or -'expert ' in the Northern Peninsula. As director. Prof. 

Winchell had made a preliminary arrangement with Forster, 

who was well versed in the facts connected with the geological 
developments of the region, but Gov. Baldwin objected, because 
Forster was already one of the commissioners of the Sault canal. 
Hill was utterly incompetent and out of the (luestion, though lx)th 
ambitious and unscrupulous. Prof. Pumpelly was well known, 
even then, as a student of such ore-deposits, and was the most 
suitable man. But Hill notwithstanding his tussuring and friendly 
lettei's, conceived an implacable hostility to the director and to 
the survev, and secured his election to the Lower Hou.se with 
the prochuiiation that he would kill the survey. So by the most 
industrious, insidious and unscrupulous misrepresentations and 
perversions of facts, he civated a strong adverse sentiment. In 
this he was aided by Dr. Manly Miles, then residing in Landing, 
who ten years before had so mismanaged the Zoological depart- 
ment of the survey then in progress, that the director got rid of 
him by having the Zoological department a]K)lished. Between 
the two sutticient intluence was exerted to induce a majority of 
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tlie house tx) withhold appropriations for puhlication. and to this 
day the materials that were gathered under his administration in 
t|ie Lower Peninsula for two seasons of field work largely remain 
unpublished. They fill numerous large record volumes of manu- 
seript. 

Meantime governor Baldwin, whose authority had compelled 
him to take the step which roused such deadly hostility, neither 
assumed the responsibilit}', nor justified the director in any offi- 
cial way, and the latter was restrained by official eticjuette from 
shifting upon another the responsibility for his official acts. The 
whole Geological Hoard had but recently fully endorsed all the 
plans and operations of the survey; but they had not the virtue to 
defend what had been done with their open and individual 
approval. So, on the failure, or impending failure, of the appro- 
priation, the director sent in his resignation, glad enough to be 
relieved from what appeared to be the tyranny of an ignorant and 
capricious Legislature. **A Remarkal)le >hiori Manuscript," 
published in Sparks /mm a Gt^ofot^ist's ffmnnnr, i.s a parod}' of 
this episode. 

At the dedication of "Orange Judd Hall of Science, ' at the 
Wesleyan University, at Middletown, (^t. , he delivered an address 
on Scunfifir Eifuratitm. The institution was his alma mater, and 
its benefactor was his classmate. This address assumed bohl and 
forward ground, and was published in pamphlet. The Boston 
Athertistr said: "It will be likeh' to attract much attention among 
all who are inten^sted in the 'modern protest.' since it takes de- 
cided and strong grounds in favor of the new education, l)oldh' 
a<lvocating its advantages, not onh' for special training, but for 
that lil)eral culture and discipline of the mental faculties and the 
character, which, it is generalh' supposed, can be obtained only 
from tiu^ classics. It will take rank with the most thorough and 
able arguments yet presented on this side of the discussion," On 
this occasion he received from his alma mater the degree of Doctor 
of Jjaws. 

His recent experience with the vei*satile lower house of the 
Legislature of Michigan brought sharp confirmation of a convic- 
tion, which he had already entertained and <'xpressed, as to the 
unrestricted extension of the elective franchise to. the ignorant 
citizen. The progress of the institutions of American civilization 
he considered endangered by thus putting them into the hands of 
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ignorant and too often unappreciative trustees. Such views were 
embraced in a lecture entitled KiikUttK-rwff, or Too Much Popular 
Gorernmrnf. This was first delivered at Matt<x)n, III., T)i*o. 4- 
1871. It appeared in the MnWton Journal of Jan. (>, 1872. The 
lecture, tus may well be imagined, created considerable excitement, 
as it went point ])lank against the short-sighted, material seltishnej^s 
of the rabble, and the aspirations of the self-seeking demagogues 
who lead them. Tlie lecture was, however, rewritten and delivere<ly 
March K^, before the • 'Jeff ei*sonian Society" of the Law Depart- 
ment of the rniversity of Michigan. 

1872. A series of articles adapted to the Sttmlai/ S'hooF 
Journal were published in that periodical in 1872, and subse- 
quently were amplified into a volume entitled Rrcnnrniittimi of 
Senmrt' ainf Rt fit/ion. He was this year vice-president of the 
American Association for the Advancement of Science: an<l j>oet 
for the twenty-fifth annivei-sary of his college class. On the latter 
occasion he delivered a very touching and melancholy, though 
perhaps appropriate, poem, which is one of the rare occasions on 
which he allowed the outer world, which knew tiim chiefiv bv.liis 
scientific contributions, to have a glimpse of the inmof-t recesses of 
his heart. Here he poured out his grief *in an impersonal way, 
in beautifully flowing metre — of which there are also numerous 
other examples scattered through his diary and his record lx)oks. 

1873. He experienced a severe trial, on leaving, in 1S7M. the 
University of Michigan, and accepting the responsible position of 
chanceUor of Syracuse University. The step was long debated, 
and he could scared v V)ring himself to abandon all the ties which 
bound him to Ann Ar1>or and the State of Michigan. He had 
heretofore firmly resisted the personal solicitations of various- 
committees to enter ujKin what they, with the world in genei*al. 
regarded as '-a wider field." But now the representations of the 
authorities of Svracuse Universitv were to the effect that the insti- 
tution was in rapid progress of endowment, and had already a 
productive capital of $()r)0,0O0, an<l that, as it was his scientific 
reputation which had attracted them to him. they wished him not 
to discontinue his relation to the scientific world. His salarv 

• 

would be more than dcnible what he was receiving from the Univer- 
sity of Michigan, and he would not have to l>e worried with the 
financial affairs of the endowment, since there was a salaried 

'■'lie had lost throe of his children by early death. 
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officer to look after that. He was ver\' coraiJflb^ Vw;eived and 
introduced by bishop Peck and Drs. Reid and ^ri^tToJ. His 
inaugural address was a broad and searching discussibfi .of. The 
Modern Unirersity. ' y 

A portion of the material intended for the report of the (r^o-// '; . 
logical Survey of Michigan was condensed for Wallings Afhts '^Z *'•*/:'* • 
Michigan, embracing articles on the geolog}^ topograph}' and *••!; 
climate of the state. These memoirs subsecpiently were collected 
in a volume of 121 pages, accompanied by topographical, geolog- 
ical and isothermal charts — six in all. Resulting from the same 
study he contributed to the Amer. Jour. *Sc/., July, 187*5, a paper 
on Thf Diayondl Si/ittent in the Physical Featnreti of Michiyan. 

As soon as he had opportunity to learn the financial condition 
of the Universitv, he discovered that it was not what he had l)een 
led to suppose, and that the financial stringency of the times . 
(1878) bore heavily on even what there was of a firm foundation 
for future* expectation. Notes which had been given on the 
opening of the institution were met with disheartening non- 
payment, and on others the productive interest was eaten up by 
second-hand men and bankers who had advanced money on them 
and held the short time notes of the University. However, he 
kept up good courage, outwardly, to the end of the scholastic 
}"ear, and in July he sailed for Europe, intending there to leave his 
family for a short sojourn while his eldest living daughter should 
enjoy the opportunity and advantages of musical instruction by 
the best foreign mastei's. He returned himself to Syracuse on the 
opening of the new scholastic year. 

He delivered a course of four geological lectures during the 
autumn at Cooper Institute, New York, and two on evolution 
before^ the ''Drew Theological Seminary," the latter, in April 
(1874), appearing- as a small volume from the press of Harper 
Bros. A rc»viewer of this work in the New York TrHmne, in con- 
nection with that of Dr. Hodge, on a similar subject, said : 

The second writer whom we have named, the Chancellor of Svracuse 
University, in this state, is a much younger man, less addicted to 
theology than to natural science, not known to so large a public, but held 
in the highest esteem in scientific and literary circles, the author of 
several works of excellent fame in his favorite department of study, with 
a freshness and earnestness of thought which give promise of future 
achievements of high import, and with a mental courage that does not 
shrink from the sacrifice of custom and tradition for loyalty to truth. 
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The purpo^Vvfttie work was neither to defend nor oppose the 

<loctrine Qf-pJFolution. but to off er exiK)8itions and discriminations. 

• " • • 

The •[fsi^C <5f an evohitionary method in nature he unreservedly 
maintained, and held it to be a proof of intelligence. Whether 
•■\'*.tk^' evohition of events is effected by a method of material contin- 
•./•*' uitv, he deemed the only question at issue. He held that in the 
inorganic world the reality of this method must l>e acknowleiiged. 
AVhether a material continuity runs through the series of or- 
ganic forms, is the residual question, to which all scientific 
controversy has to be narrowed. He proceeded to indicate the 
general evidences adduced bv evolutionists in support of the 
affirmative, and then brought forward a series of difficulties, most 
of which, however, were regarded as applying rather to Darwin- 
ism than to the general doctrine of continuity. Supposing this 
doctrine inductively established as representing a faet in nature, 
it still remained to ascertain the methods and instrumentalities 
through which the organic continuity is maintained. This is 
the field of the theories — of which Darwinism is one. Final Iv, 
having agree<l on the nature of tlie ph3'siological processes in- 
volveil, it is necessary still to ascertain the ort(/in of those pro- 
-ces.ses, and of the forces which sustain and guide them — that is, 
the philo.sophic (piestion of ultimate causation remains. From 
such grounds he maintained that no form of evolution-theory 
<?an be set down as essentiallv atheistic. 

ft- 

Tlu» fourth visitation of death in his dearlv loved familv was 
announced to him by cable-dispatch shortly before Christmas, 
187^J, when he was al)Out to ascend the platform to deliver a public 
lecture in St. Paul, Minn. Diphtheria had smitten his youngest 
daughter at Berlin. With masterful self-control he commanded 
his grief to be silent and his thoughts to be on his evening topic, 
and he gave his lecture as announced. To one who knew the 
tenderness of his heart and fond doting w^hich he lavished on his 
children, this abstraction of himself, almost from himself, for an 
hour and a half, with such a shock fresh on his consciousness, 
revealed the doubleness of his existence. He lived a public life 
•of activity which was wonderful for its accomplishments, but he 
had a domestic and personal life which, in its recorded memories 
and mementoes, was almost equallv voluminous. The dra|)ery of 
a private grief was hung continually on his heart, but he carried 
in his hand, as his only public and outward symbol of action, a 



banm»r on whicli wsus written '•Exedsior." He <levot^rl many, 
but separate, hours to serviee under (»aeli. Without eonehiding 
his western euffajjeineuts to hn'ture. he returned to S^'racuse and 
awaited the arrival of the elu»rished remains. At length, on Fel). 
1, 1874, they were jriven their final restinir place at Ann ArlK)r. 
bv the side of two sistei-s and a brother. 

1S74-71). Owing to the desire on the part of the linivei*»ity 
authorities that he should now take part in public efforts to aug- 
ment the en<lownient. and to the serious curtailment which he luul 
alrt»adv suffered in his scientific work through the incumbency of 
the presidency, contrary to inthicements held out to him on his 
acceptance of it, he notified the trustees, in March, of his intended 
resignation, and in .lune h(» unconditionally retired. For the 
duties of solicitor of money he had no (jualification. Hetweeu 
pah»ontologist and financial agent there was a gap so broad that he 
ha<l never contemplated crossing it. In July. 1874, he :igain 
visited Kurope, and returned with his family in December, enter- 
ing now in the same univei-sity uiM>n the chair of geology, which 
the trustees created and urg(»d him ti> acc(»pt. 

Full of zeal for the development of the department which he 
ha<l :ussume<l in the Syraeuse University, he prepared and 
publishe<l, at his own expense, an extended sfflhihus of a pro|x>sed 
course of geological leetures. which should i)ossess interest for the 
general })ublie. lie found it dillicult, almost impossible, under 
the financial straits of the institution, to (upiip and maintain labo- 
ratories which corresponded with his ideas of the professorship of 
gt»ology. It l)ecam(? evident that his position was not one in which 
a zealous and competent profes.sor of sciem^e could build up either 
a reputation or a successful d(»partment. While he was uuHiit^iting 
a complete severance of his relations he wa.s calle*! u[x»n by 
bishop McTyeire, of the >l. K. Church South, who urged uimui 
him the chair of ireologv. zoology and liotany in the nascent A' an- 
derbilt I'ni versify, at Nashvilh*, Tenn. rn<ler the precarious 
condition, however, of the endowment of that institution at that 
time, he declined the position, although he subse(juently accepted 
a three month s engagemiMit.- In .June, 1X7."), he presented his 
resignation at Syracuse, but consenteil to retain a partial engage- 
ment of two months. 

On a basis of observations made in July, 1875, <m the line of 
the (irand Hapids an<l Indiana railroad, he pn'senttMl to the 
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Detroit meeting of the American Aasociation for the Advancement 
of Science a communication entitled Rectification of the Geological 
Map of Mich iga n . 

In the autumn he wrote and delivereMi, before the Boston 
Thex)logical School six lectures on the Relations of Religion to 
Science and Pliilosophy. These were afterwani emlwdied in a 
volume. In January, IHTG. he opened a **School of Geology*' at 
Syracuse University. This had been announced by prospectus 
since August. For this enterprise he l)ore most of the financial 
expense himself. He wished to make the school of geology a 
permanent feature of th(^ institution. The attendance, however, 
was small, the aid he had expected from the universit}' was not 
rendered, the institution was located far from the city, cutting off 
some who would have joined had it been accessible, and his tenure 
of the position was feeble ; for these reasons the second years 
engagement here was devoted chiefly to university students. At 
Nashville, the first year, he devoted three months to lectures and 
instruction in geology and zoology. He delivered the commence- 
ment address at the "State Female College" at Memphis, and the 
Athenaeum, Columbia, Tenn. He also gave the address before the 
literary societies of Vanderbilt Universit3^ His theme in this 
address wius I'hr Worth of Culture, [n that before the female 
college it was The Beautiful.* 

At Vanderbilt University he was treated with very marked 
courtesy and hospitality by all connected with the institution, and 
he was importuned b}' some of the officers, seconding.the requests 
of bishop McTyeire, to consent to a full connection and a perma- 
nent residence, but his first experience in the university convinced 
him that the old theology had too firm a grip on the institution 
to render it hospitable toward modern science, and, mentall}', he 
shrank from an\- more intimate contact with the theological relics 
of the dark ages. During his first sojourn at Nashville he 
completed the preparation of a volume on the relations of science 
and religion, which he sent to his publishei*s. Harper and Brothers. 
He also reviewed Dr. B. F. Cocker's Thriiitic Conception of the 
World, (Mrth. Quart. Review, July, 187G.) During the same 
period he made a scientific investigation of the Cephalopoda, 
belonging to the museum of the university, bringing to light 
several new species, and interesting features in old ones. Most 

♦Reproduced in Sparks From a Oeologi$th Hammer. 
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of these shells were from the Silurian of Teimessee. For lack of 
books and specimens for comparison he did not bring the results 
to such a state of completion as to render it proper to offer them 
for publication — hoping for future opportunities of study. 

Returning to Syracuse, he devoted a month to the study of 
fossils from Chautauqua county, regarded by him as belonging to 
the same age as the '^Marshall group. * He had collected the^e 
on occasion of a visit to the Chautauqua fjake Encampment, where 
he delivered two or three popular lectun»s. This study was made 
the basis of a communication to the American Association at its 
Buffalo meeting, where he also presentetl the results of a study of 
Endocerin. He participated in a • ^Normal Institute'' of the college 
of fine arts, delivering four lectures, and taking some part also in 
the field work. 

He was now importuned by the editors of i\\^ Christian Union 
and the Mefhodixf Quarterly Review, for communications on the 
subject of evolution, with particular reference to Huxley's recent 
lectures in New York. * He also visited Prof. 0. C. Marsh, at New 
Ilaven, for the purpose of examining the specimens which had 
served as the basis of his later announcements. He wrote a large 
manuscript of al>out twenty thousand words, on ^^Kvolution," 
designed primarily for the Methodist Quarterly Revieir^ but the 
matter remains unused. Early in December, 187G, he removed 
bis familv to Ann Arl)or, where he had retainetl his old home, 
being convinced that it would never become desirable to settle 
permanently in Syracuse. 

1877. After a short term of service at Syracuse, in the months 
of January and February, 1877, during which he wrote a series of 
eight lec^tures on the scientific evidences sustaining the doctrine 
of evolution, covering the ground of its philosophic and theolog- 
ical consequences, and constituting a full monograph, and drew 
up an extended syllabus of lithology for the use of students, he 
again transferred the scene of his labors to Nashville, Tenn., where, 
with a series of lectures on geology and zoology, he organized a 
biological lalwratory which was very popular with the students, 
and, under the optional or '^school'' system prevailing there, 
became quite crowded with persons unprepared by previous study 
and discipline. During this term he instituted an elaborate series 
of experiments upon living germs in the atmosphere, employing 

♦ See Christian Union, Oct. 11, 1876, and Meth, Quar, Ret., April, 1877. 
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the gcnerrtl methods of TyiuhiU. He eaine to the eonchision thjit 
wlien jin infusion is eoinph»tely sterilized nnd exposed only to 
sterilized air, no livini^ organisms come into existence, even after 
the lapse of eijj^ht months, and, hence, that the so-called 
''siH)ntane(ms generation, " or arclue^fenesis is purely imajifinary. 

In 1K77 was puVilisheil a work entitled llt^ctmciUntinu of Sci'iirt. 
ftii(f Jicfi(/inn. It embodied the six lectures delivered liefore the 
lioston Th(H)lo<i:ical School, the two Baccalaureate addresses deliv- 
ered at Syracuse, a paper entitl(»d JSnutr Thnmjhtii mi ('nunnlittj^ 
read before the Albanv Institute, reviews of Dr. \\. F. Cocker's 
two works, and the series of articles written for the Sumhuf Srlnntl 
Jninittt/. Nothinor, in reality, was written specially for this vol- 
ume, ])ut everythint^ had been prepared oritrinally for an ulterior 
use, and (»verv investipition was tributary to the jj;reat work which 
was restinjr donnant, ])ut not for*;otten. on his hands. Tt was a 
vohune of -(thips," as Max Muller would say; but some of the 
investipitions were fuller than he could with propriety introduce 
into his main work, and he thought the publication of them due 
lH)th to himself and to those who ha<l becMi awaiting the results of 
his studies. Toward the close of an extended review of this work 
the critic of the Xar Ynrh Trthmic said: 

Without dwelling on other points discussed iuthis suggestive volume, 
we niav venture to thank the author for an original and fruitful coutri- 
hution to the <iue8tioDK which now engage the attention of so many of 
the profoimdest thinkers of the day. This work is of a critical cJiaracter, 
conunenting freely on opinions and systems which have found a place 
in the history of philosophy; but it also presents the mature fruits of in- 
dependent research and reflection. Tt betrays an intimate acquaintance 
with the deveh)pment<)f thought m the best ages of scientifi<* culture; but 
its principles are not the result of sympathy and adoption. Tlie author 
acknowledges no man as his master: he admits no (conclusions which he 
has not made his own by j)rocesses of thought and study similar to those 
in which they had tlieir origin. 'I'he materials which he has obtained l)y 
scholarly labors, have been thoroughly fused in his own mind, and are re - 
l)roduced in forms whicli bear its image and superscription. He is 
evidently embarra.ssed by the fertility «)f his conceptions. * * * The 
rare intellectual fairness wliich marks the volume is a feature of no less 
interest than the philosophical ability with which its discussions are 
con<lucted. 

The Northern Christian Advocate stilted: 

"We do not remember ever to have read a work which more impres.sed 
lis. * * * Tt is a book for the believer and the doubter, for the student 
and the theologian. Tt is both comforting and discpiieting. It solves 
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«oinc difficult prohloms, and in this time of pi»rplexity and mental con- 
flict, every helpful utterance should be heeded. * * * It is not a belligerent 
book, but a thoughtful and explanatory one. It is a reconciler. * * ♦ 
As to the matter of style, it is gracefully but strongly written. Exhibit- 
ing a wide acquaintance with ancient and modern forms of thought it 
is never dry or obstjore. * ♦ * The book is full of thought. It is a noble 
<^ontributiou to Amoricau literatun*. 

The Popular Science Monthly (Autj., 1S77) stilted: 

The(|uestion of the relations of Science and Religion receives a new 
treatment in this interesting volunn*. * * * 

S|x»4ikin^ of the author's theory of cyclic actions and rejictions 
lietween intellect and tlu» relijjioiis faculties, the reviewer says: 

This is an orli^inal and ingenious conception, by which Dr. VVinchell 
is enabled to group and arrange the elements of his d'scussiou, historic, 
religious, philosophic and scientitic, in a very instructive manner for his 
purpose, and on this account the exposition is <*ertain to be read by 
f^eneral students with interest and jirotit. Dr. Winchell's work will do 
special service among religi<nis leaders by making the whole discussion, 
ns we might say, a piece of natural hi^ory: that is, he treats it in both its 
aspects as a part of the method and phenomena of nature. While hold- 
ing to the inspiration of the bible and tho supernatural claims of Chris- 
tianity, as matters of his own special faitli, he nevertheless hohls to the 
validity of the universal religious sentiment in man, and whioh is as 
much a subject of rational inductive in(|uiry as are the physical sciences 
themselves. We can hardly overrat*' the gain thus secured, by bringing 
the whole in<iuiry into the s<'ieutific sphere, and c(mducting it in the 
broad judicial spirit which genuine science always imposes. 

Such approviuii: wonis from repn»sentatives of lM)tli the parties 
which the work attempts to 'reconcile" affords some indication 
that the attempt was not a failure. 

During his sojourn at Nashville in 1S77, be nnide an extensive 
collection of the tisber% of the fumberland river, a series of which, 
transmitted to the Smithsonian Institution, wti^ found to embrace 
i\ iu»w species. Art I mi afripiintis. (See Bulletin Xo. M>, V. S. 
Nat. Mus. , p. 10.) lie collected also a complete series of the 
Knionidte of the river. These and the tisbes remain in the museum 
of tlu» university. He secured the younjjest specimens ever ween 
of the garpike of tin* (!uml)eriau<l. These ranged in length down 
to three-quarters of an inch. 

He returned to Ann ArlM)r full of the purpose to resume work 
on the undertaking so long contemplated, but having to make a 
journey to Syracuse and Albany, for the purpose of reading a 
j)aper(ou L'in'ri rsitif C'nitrol) before the ••rniversity Convocation," 
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and on his return to prepare a carefully studied article on PrehU- 
foric Man (including the question of Frendaraite*) for McClintock 
and Strong's Cyclopedia, it was late in the summer before he could 
sit down to the work. Still again, in a few days, he was 
interrupted to deliver lectures before the '* Convention" at Clear 
Lake, Iowa. 

After a careful examination of his former work he was con- 
vinced that the only satisfactory course to pursue, though on an 
enterprise already three times l>egun, was to begin again. The 
whole scheme of the work was cast anew ; and before his departure 
for Syracuse, in the latti»r part of November, he had coraplet(Hl 
about 121,500 words. 

At Syracuse, where his term of service began, on Nov. 21, his 
popular cx)urse of weekh' lectures consisted of seven, written on 
the primitive history of '•world-life." In the course of these 
lectiires he advanced the original idea that the meteoric mattern 
now known to l>e disseminated through space, may be adequate U> 
cause, bv their resistance, the anomalous acceleration observed in 
the orbital motions of the satellites of Mars — especially the inner 
one. The same conception was subse<|uently advanced by Prof. 
Doolittle, of Washington, and Dr. Wmchell made nn^lamation 
through the Nrtr York Trihain\ inasmuch Jis his own views had 
been announced in public lectures in Syracuse, Cleveland and 
Lebanon, ()., and Richmond, 111., and had also V)een reported in 
the daily papers of Syracuse. Prof. Doolitth* very cheerfully 
acknowledged l^rof. Winchell's priority. 

The study of Prtnidamites had deeply interested him, and had 
produced a j>retty firm conviction that men existed upon the earth 
lH»fore th(» biblical Adam. He had planned, therefore, to deliver 
a lecture at Syracuse, upon the subject of Adamites and Pread- 
amitf's. This lectiire he was nHjuested urgentl}' to deliver in one 
of the churches, and he did so. At the nnpiest of the clergymen 
present the lecture appeared in full in one of the next morning's 
papers. In a day or two the author wjis called \x\yon by Rev. Dr. 
Warren, editor of the Nortlain Chnstiav Advocate, with a recpiest 
to write half a doz-en articles on the same subject, for his paper. 
To this re(iuest he acceded, but had not proceeiled beyond No. H 
before Dr. Warren desired him to extend the series to eight, and 
before this limit was reached the etUtor wished the series extended 
to ten. At the refpiest of the assistant editor. J. T. Roberts^ 



AlexiHuler WtmhelK 10?) 

|)ormi8Hion was given by the author to print tlu» whole in pamphlet 
form. Hence the ^'orthodox" bruit which followeil reHp<M»ting his 
**un80undnes8. " 

1H78. On returning, February, ISTK, to Vanderbilt University, 
he was receivwl with the same politeness and conliality. Though 
his work was, in general, the same as l)efore, he ocxMipied some of 
his leisure hours in constructing some pieces of micniscopic appa- 
ratus. During the summer he also constructed a small working 
steam-engine of one-fifth horsepower. Before leaving Nashville 
he had also completed a survey of the sanitary geology of the city, 
and drawn up a report to the Hoard of Health, which was eml)od- 
ie<l in the report of the Board for that year, and also was printed 
by the Board in pamphlet form. In making the survey he ran 
two intersecting lines of levels between the extreme limits of the 
city, a work in which his experience as professor of civil engi- 
neering tw<»nty-thn»e yeai*s previously, avaiUnl him. 

On the morning of the 27th of May. an hour l>efore the 
appointed time for a public address which he had lK»en solicited 
to deliver, as one of the exercises of commencement week, he 
met bishop McTyeire casually, and the latter then proc<H»ded to 
CHunment on the influence which would be exerUnl against the 
interests of the university by the professor's heterodox iK>sition in 
reference to JVeadamites an<l (»volution. He endeavoivd to show 
the bishoj) the unreasonableness of objectionsto ano|)inion founded 
on scientific evidence, and not held in conflict with fundamental 
religious l>eliefs; but the latter would not se<» the subject in that 
light, and asked him to relieve the university of an enduirrassment 
by declining a reappointment. This he indignantly ivfustnl to do 
on any such grounds as alleged. He went almost directly to the 
public audience, assembled in the chapel, and delivered an extem- 
poraneous address on Man in tlu- L'ujht nf (itnltHjif. He felt that 
the bishop had Ikhmi extr(»melv inconsiderate in bringing lK»fore 
him so distnicting a subject, on the very hour ap|M>inted for his 
address, but with that self control which hadmark(Ml his action in 
various other trying occasions, lu» centered his mind on the topic 
before hijn. and was subsecpKUitly led t(» believe that the bishop's 
tH)urse had act(»d simply as a. stimulus, enabling him*to outdo 
himself in elociuence and perspicacity. The addn»ss. :it all events, 
was praised on every hand. 

The next morning. .May 2S. 1S7H, he t(K)k a final leave of the 
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univei-sity iin<l of Nashville, and the same day the Hoard of Trust 
abolished his chair. Hishop McTyeire. in transmitting notice of 
this action, employeil terms expressive of kind feeling, appreci- 
ation and even of regret. It was evidently the intention of the 
authorities of the university that this should be a case of decapi- 
t4ition within the walls of the in({uisition; but the victim resolve<l 
that the public should have the opiM)rtunity to pass sentence. He 
jiccordingly drew up a true and literal account of the interview 
with bishop McTyeire, and published it in X\w Nnahrilh Awfriruu 
of June Hi, 1S78. This opened the door fora unanimous and 
outs{K>ken condemnation of the act of the Hoard of Trust, from 
the press of the South aiul the countiy at large, and from repre- 
sent4itive individuals of every sha<lc of religious opinion, t No 
word of approval rose from any source. (»x<*ept a few, feeble and 
perverting misstatements from the organs of the M. K. Church 
South. The best of reasons (»xisted for the belief that the officials 
of the university very soon lH»gan to regret their action, and that 
within H few months they were ashamed of it. It was not long lK»fore 
the iiction was attributed bv some of the officials, covertly, fo 
(/routuh of rrninHiii/. The imi>ossibility of this is evident enough 
when it is known that Prof. WinchelTs work wan simply transferre<l 
to l^n)f. Satford (who luul Ikhmi on half duty) and Prof. WiiuhfUn 
Halurif irith it. L<»arning that this subterfuge was l)eing set up 
by parties in corresjjondence with T)r. A. K. F<M)te, of Philadel- 
phia, Pn)f Winchell wrote a crisp ami peremptory denial of such 
statements which Dr. Koote published in his periodical. Tin' 
NtitiirnJiHt'n Ltisiin- JltHir, January, ISHO, p. 5. 

So far as F*ix>f. Wiiu*h^»irs standing and reputation were 
<*oncerned these (events were far fmm disastrous. He receive<l 
new sympathy and apj>reciation from every int*»lligent man and 
woman and from many who otherwise would perhaps have remained 
in ignoraiUH' of his existence. Kx-President Andrew I). White, 
(mcc Dr. Winchell's colleague at Ann ArlK>r, made use of this 
incident in ont^ of his chaptei*s on the * 'Warfare of Science," 

characterizing the action of Vanderbilt Tniversity in the following 
words : 

It is pleasiug to kuow that while an institution calling itself a univer- 
sity thus violated the fundamental pfinciples on which any institution 
worthy of the name must he haseil, anotlier * * * recalled Dr. Winchell 

t The events of this episode are all preserved in elaborate clippings 
from new8])aper8 which fill two large scrap books. 
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at once to his professorship, ami has h(5Qored itself by inaiutainiiig him 
Iq that position where, unhampered, he has ever since been able to utter 
Inn views in the midst of the largest body of students on the American 
continent. Disgraceful as this history is to the men who drove out Dr. 
Winchell, they but succeeded, as various similar bodies of men making 
similar efforts have done, in advancing their supposed victim to higher 
position and more commanding influence. 

He returned to Ann ArVK)r and again applied hiniHelf to IiIh 
long-promised volume, liit<»rruptiMl, jis l)ef ore, by engagements 
to lecture at summer a^ssemblies. Nevertheless he addcnl, as he 
states. 52,500 words to his manuscript, before his departure, 15tli 
Sept.. 1S7H, for Syracuse. 

This year, inst<»ad of writing a series of studied lectures, he re- 
stricteci himself to extemporaneous, and doubtless more popular, 
expositions. The lecture which he delivere<l in New York, Oct. 
25. in the Academy of Music, l)efore the Delta Kappa Kpsilon 
Convention, published in the New York Trihnnt\, was very 
highly connmmded by all who were alive to the progress of ideas 
in e<lucation; and was repeatedly republished in e^iucational 
journals. The theme was ^l Pfrti far Afoiientizeif Edncafiim. 
Having been invited to ivpeat the lecture in Syractise, before the 
public, be wrote another entitled. CvltHir nntf Kiiotrlethff.m which, 
while still maintaining the proper precedence of science, he dwelt 
on th<» value of culture, but insisted that it come« from the study 
of things valuable for knowkMlge. as well as the study of <lead 
anguages. This was ))ublished in full in the tSymcHHf Courier 
for Nov. 17. 1S7H. It rcHHMved even more attention than the 
earlier address. He also delivered two or three other pul)]ic 
a<ldressesin Syracuse, which (dieted verv favorable comment from 
the pit»ss. The Unifi/Joitnial of }sn\. 1(», said: 

There has been a growing interest of late in the utterances of this dis- 
tinguished si;holar. His last lecture, on the subject of edu<'ation, is 
spoken of by all who heard it, as extremely eloquent in its delivery and 
brilliant in its thought. * * * Dr. Winchell deserves a warm place in the 
hearts of the Christian public for his masterly defense of the Bible, and 
his eloquent pleas for a full and symmetrical <Milture, including moral 
and religious as well as intellectual development. He is a christian 
scientist of the highest type; and Syracuse may well be proud to number 
him among her most distinguished citi/.ens. 

Returning to Ann Arl)or again he gave his leisure to the prep- 
aration of a work to l)e entitled Pniuiamitrn. He desired to 
investigate the subject further for his own .satisfaction, and also to 
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dcmonHtrate to the world that a <loctriuo which hail been denounced 
jiH heres}' is sustained not only by ethnology, archaeology, 
chronology and biology, but by the Bible itself. Notwithstanding 
prolonged absences from home on lecture engagements which 
took him as far west as Iowa and Nebraska, he completed the 
manuscript by May, 1879. The work appeared in April, 1880, 
from the publishing house of 8. (.\ (Iriggs & Co.. (Chicago. The 
following is from its preface: 

I have not assumed a position hostile to the Bible: it would have been 
irrational for me to do so: since it is the assertion of the Bible which de- 
termines what we are to understand by Adam. Had the Bible affirmed 
explicitly that Adam had no progenitor, I|Bhould simply have declared the 
facts of the genesiacal history inconsistent with the affirmation, as the 
facts of science would also be. I have even devoted a chapter to the 
proof that Preadamitism is neither inconsistent with the Bible nor with 
the orthodoxy of approved divines. More particularly,! have not disputed 
the divine creation of Adam, even in maintaining tlmt he had a human 
father and mother. I have not impaired the unity of mankind, but have 
removed the incredibility of that doctrine as grounded in the descent of 
negroes and Australians from Noah and Adam. I have not affirmed— even 
like McCausland and other ecclesiastical polygenists^that mankind, one 
in moral nature, are not one in origin: since 1 hold that the blood of the 
first human stock Hows in the veins of every living human being. I have 
not excluded the Preadamites and their descendents from the benefits of 
the **Plan of Redemption:" since I maintain that all mankind are equally 
the subjects of redemption. T have not degraded Adam below the 
level on which tlie Bible places him, since I do not recognize him as the 
starting point of humanity. Finally I have not pictured man as risen 
from the organic grade of a brute since I wished only to show tliat he 
was in existence before the **tirHt man*' of the Hebrews. 

1879. He lectured at Potsdam, N. \^., iu May, 1879, under the 
auspices of the Normal School. He had delivered a popular lec- 
ture there the autumn previous. Beturning home h(^ first wrote 
an article on the MHaphysirs ttf Srirun'^ re<|uested by the editor 
of the '^N'orth American Review," which appeared in the No. for 
January, 1880. and returiu»d to the completion, or at least the 
farther prosecution of his great work — grievously interrupted 
however fnjui day to dav bv the varied culls which exhaust the 
energy and steal the time of a professional man. 

In June, 1879, he wsis unaninumslv recall(»d bv the Board of 
Regents of the University of Michigan to the chair of giiology and 
paleontology in that institution. For several years such had l>een 
the intensity of a factional spirit in the Board, that scarcely any 
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measure and been adopted wiUiout dissenting votes. When, 
tiierefore, the unanimity of the Boaitl in voting for his return was 
made known, and the general wish of the faculty of the university 
was understood to sustain the action, he did not hesitate to return 
to the institution from which he haxi been tempted six j^ears 
lM»fore. The university had progressed in the previous seven 
years. The position now offered embraced much more favorable 
conditions for scientific advancement than the ix)sition he had 
left. His duties at that time were spread over the whole field of 
geology, zoology, botany, museum and microscopical work. When 
he returned the faculty embraced a professor of gwilogy and 
paleontology; a professor of mineralogy and economic geology; a 
professor of zof»logy; an assistant professor of lK)tany; an 
instructor in the microscopical lalwratory. and a ciirator of the 
museum, all of whose duties devolved upon one man in 1872. 

In his small pamphlet, Gtoloyif of the Stnrx, he presented the 
first generalization of the history which subsequently was expanded 
into Worlfl-Liff. His conception of geology, as a hisUtrtj of the. 
earth, led to a grasp of all its history — to the remotest limit of 
time, i)ast and future. Thus geology was welded to cosmogony. 
The search for conditions still antecedent to those revealed by the 
remotest stretch of the vision of science led him into the field of 
metiiphysics. The centnil idea of all his lectures of this class was 
thr life- time uf n worfd. Sometimes the great theme was coni- 
pjissed in a single lecture, sometimes in two, and perhaps more 
fn^cpiently it wjis expandinl, especially in his university courses, 
to six or eight, and in one of his later courses it was constituted a 
series that extended through the time of a whole term. Every 
separate lecture wjis a chapter in the grand story. No lecture had 
a fixed form of words, nor subject matter. The selection of the 
topics and the degree of expansion to give them were determined 
always by the proprieties of the occasion, and the whole lK)dy of 
language, and many of the illustrations, were such as were 
})romptcKl l)y the hour. 

He now began, on his return to tin* university to which he had 
given the lalx>r of his earlier years, the prepanition of an extended 
xyUiihHs of a course of instruction in general geology. This is 
accompanied l>y copious references to sources of information — a 
sort of geological bibliography. The first part of this compilation 
relates to theyW<7x of yenlttifif and the second to the theories of 



iff'*»fogtf. It is a valuable pamphlet of 115 octavo pages, uiostly 
in small type, and contains over 4,000 referenw^s to geological 
authorities. This work lie regarded as a basis for a contemplated 
hirger volume for scientific students and investigators, and he 
added to it, in his interleav<Ml working copy, a multitude of addi- 
tional notes. 

1880. His >vork on Preadamites was publishe<i in April, 1880. 
The book had been largely t»nlered in advance, and sold well from 
the start, so that though the first edition consisted of 1 IHO copies, 
the publishers began on a second edition within two weeks, and a 
third was called for bv NovemlKM*. The fifth has now beiMi issued 
some new matter having been ad<led just lK»fore the author's 
death. 

As a literary production this work was received with univereal 
favor. As to the positions tussumed it is noteworthy that most of 
the religious journals either occupied a non-committal attitude, 
saying time was rcKpiired for due consideration, or else they dog- 
matically condemned the doctrines of thelH)ok. The Presbyteri- 
ans, Cumbi»rland PresbvteriaiLs, * and Xorthern Methodists tn?ated 
the discussion with most intelligence, and therefore with most 
tolerance. The liaptists and Episcopalians and Southern Metho- 
dists genenilly denounced the lKM>k and sometimes the author, 
without the slightest dttention to the tenability of the imsitions 
assumed, t On the contrary the secular and scientific journals 
received the work in a very favora]>le manner. Of the secular 
pa|)ei*s some criticised the author for giving any attention to the 
mode of reconciliation between Preadamites and the Bible; and 
one or two seemed disi)osed to ridicule for an alleged pro-clerical 
development. This criticism of course was offset by those ortho- 
dox reviewers who relegated the author to the limlK) which holds 
** Darwin, Spencer and Huxley," and suchlike. 

The following are (piotations fn)m .some of the characteristic 
le views: 

"There has been no work recently publislied upon the subject which 
can compare with this in importance. Professor Wincheirs reputation for 
lenrning and for sincerity, his repute as a student of physical science, 
and bis special attitude toward what is called the confiict between science 
and religion render anything which he writes upon such a theme im- 
portant; and the present work is the more likely to attract attention 

*8eelievicw for Jan., 1881. 

tSee Smitheru Method ht Quarttrly Uei^ietm for Jan., 1881. 
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because it is the fruit of an exhaustive study, not of one but of all the 
sources of information which can be supposed to throw li^jjht upon the 
question^ from the text and history of the Hebrew scriptures to tlie latest 
results of ethnological investigation."— 3>i(? Yorl- Krming Pont, 

This book gives us the amplification, and we believe the unanswerable 
defense of views which, upon their promulgation of two years ago, cost 
professor Winchell his lectureship at Vanderbilt University. * ♦ * This 
great scholarly work shows its author alive in every fiber. * * * The 
book is splendidly written, many passiiges of great beauty might be 
selected from it. It shows its author to be a man of mental power, 
great information and extraordinary culture.— A'<<f Emjlnad Journal of 
Kducation. 

There is hardly a subject relating to human progress and religion that 
is not connected in some way with the contents of tliis extraordinary 
production, and the writer shows that he is thoroughly e(|uipped for the 
task which he has so brilliantly accomplished. Prof. Winchell has a 
highly cultivated litc'rary gift, and the style of his composition is clear, 
easy, graphic and vigorous. But while the book is popularly written its 
spirit and metho<l are strictly scientific. The candor, logical acuteness 
and learning of the author will favorably impress the most prejudiced. 
We regard the treatise as a remarkable and powerful contribution to the 
reconciliation of the Bible and modern science. No doubt some will 
draw inferences as to professor WinchelPs teachings that are alien to his 
belief: but if thev do it will not be because his disavowal of certain 
doctrines is not sufllciently explicit.- H. X. Powers, in the Llternrif 
yVorld, JtiJie ,7, 188(K 

* * * Dr. Winchell's book has a double interest which sh(»uld not l)e 
overlooked. Though making no claims of this nature it is yet a valuable 
exposition of ethnological science, treating instructively a wide i-ange of 
questions in relation to tho origin, distribution, characteristics and 
natural history of the Iiuman races. * * * But while useful as a mere 
didactic discussion of anthropological ([uestions, the work lias an interest 
of another kind in relation to the special object for w^hich it was written. 
It is an al)le contribution to a serious uiodern controversy. * * ♦ It is 
not too much to say that it settles the controversy: and all christian teach- 
ers who have any genuine interest in the adjustment of their beliefs so 
that thev shall harmonize witli scientific demonstrations, owe 2:ratitude 
to the author of this work for the untiring labor that he has bestowed 
upon the incjuiry, and the intrepid spirit in which he has pursued it.- 
Popular Srirno' Monthly^ 'fftly^ 188(K 

Alexander Winchell, already a recognized authority in several branches 
of scientific knowledge, in a volume recently issued with the above title, 
sings the liiaM hutnana. If it were clothed in rhetoric it would deserve 
to rank as the epic of epics. * * * It has the thrilling interest of a 
romance.- -77//- JinlMin^ San Fninrixco, '^'Jd May^ 18S0. 

Simiinr tributes were paid to the work by the Montreal (razeto,, 
the Hoi^toii Tnnvtlir, the R(K'lH*ster Mmnint/ /fcnt/i/, Triibner'R 
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Literary Revord (London), the American NatnraliHt^ the Bihlup- 
theca Sacra ^ the Methodiat Quarterly Review^ the Scotsman 
(Edinburgh), and many other prominent journals. 

During the winter of 1880 and 81 he was engi^ed on ^"Sparks 
from a Geologist's Hammer." Some chapters on cosmogony, how- 
ever, expaude<l under his hands to such an extent that he de- 
termined to withhold them and develop this subject into a 
separate work. lie accordingly supplied their place with some 
new chapters, reserving the discussion of cosmogony for more 
leisure. 

Having l)een elected profi^ssor of geology and paleontology in 
the Martha's Vineyard summer institute he delivered 25 lectures 
before a class of students, and five more |)opular lectures on 
scientific subjects before the public. He also, meantime, delivered 
a public address on the Speculative coiiseqneneeH of Evolution 
before the * institute of Christian Philosophy." at Green wood lake, 
on the boundary between New York and New Jersey. At Martha's 
Vineyard he made a large collection of Alga;, adding some 
specimens from Nahant and Marblehead. These were studied 
and carefuly mounted in an album volume after returning home. 

At Ann Arbor he gradually became connected with some 
musical organizations, and gave much time to the perfecting of 
their organization. The central organization was the University 
Musical Society, incorporated under the law of the State, of which 
he was chosen president. This society organized three agencies: 
1. The Ann Arbor School of Music, of which he was vice-presi- 
dent of the Board of Trustees. 2. The Choral Union, of which 
he was president, and ;». The Orchestra. These organizations 
absorbed much of his time during the following year. 

1881. His work. Spa rks from a Gcologint's Hammer^ appeared 
in the early winter of 1880-81. It was favorably received and 
met with a large and immediate sale. 

This superb work is of thrilling Interest to ever}' reader who has an 
intelligent desire to know more of this wonderful planet on which we 
live. * * * The chapter, "A group of Geologic Time," is worth more to 
the general reader than the price of the whole book. * * * The plan of 
the book is most admirable. Prof. Winchell's first chapter takes the 
reader upon an interesting excursion to Mount Blanc and the Mer de 
Glace, where the aesthetic aspect of Geology, as there so beautifully dis- 
played, is presented. This is followed by three chapters, on the "Old 
Age of Continents," ''Obliterated Continents," and ''A Grasp of Geologic 
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Time," following with other chapU^, climatic, historical and philosophi- 
cal. It is a treasury which should find a cherished place in every family 
library. — Boston Uoint Journal. 

Dr Winchell's j^«* d'esprit on the **Genealogy of Ships," (Chapter xci 
of this volume) remains one of the most influential contributions ever 
made to the literature of Evolution. — Neic Tork Observer. 

1882. An article on DanriiuHm prepared for the American 
supplement of the * 'Encyclopedia Britannica," at the urgent re- 
quest of the editor, in June, 1882, did not appear in print till 
1884. The summer of 1 882 was again spent at Martha's Vineyard. 
Besides his regular courses of lectures here, he gave the principle 
dedicatory address at the dedication of ^'Agassiz Hall." This, 
with full abstracts of his other popular lectures, was published in 
the Institute Herald. The abstracts were also published in the 
Boston Journal of Srifncc. 

In the summer, at the Montreal meeting of the American 
Association for the Advancement of Science, he was chosen to 
preside over the section of Anthropology, in the absence of the 
regular otticer. In the autumn he wrote The Experiment of 
Universal Suffrage and Communism in thti United States whicli 
were solicited and published by the proprietor of the North 
Ameriean Review. Declining various other similiar solicitations 
he now resolved to devote himself to the completion of his long 
planned work on World Life^ and he accordingly devoted to this 
most of the leisure found among the numl)erless duties, diversions 
and petty disti^actions of domestic, social and professional life. 
He yielded to perhaps a dozen reciuests to deliver i>opular scientific 
addresses, mostly within the state of Michigan. 

In 1888. The work uj)on Worhl Life involved a great amount 
of study and research. The subject had indeed occupied his 
thoughts for many years, and many of the processes had been 
reasoned out in all their detail. But he desired now to present 
the discussion in greater completeness and upon a more vigorous 
basis of scientific evidence. The field widened as he proceeded. 
New avenues of research were disclosed. Following these, one 
after another, he developed conclusions which were unexpected, 
and new, and some of which were an interesting surprise to him- 
self. Sometimes he pursued these researches by the aid of math- 
ematics, and all the old ardor of his earlier years was rekindled. 
In several instances he made attempts to submit his methods and 
results to competent critics. His speculations on the influence of 
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cosmic lich^, and on meridionalitv in tho oiirth's structural features^ 
IumI lK»(»n su!)mittc(l, in 1882, to Prof. James D. Dana. Later he 
proposeil to brinjr them under the notice of Dr. J. E. Hilgard, 
of Washington; but no criticisms or judgments could he obtained, 
pnifcissor llilgard saying he was not familiar with that range of 
investigation. His conclusions on the evolution of heat by pro- 
cesses of c4)ntmction he bmught l>efore the Ann Arlnir Scientific 
Asso(»iation (of which he was president) on the (»ccasion of two 
miK»tings, in the hearing of professors Harrington and Wead, 
likewise the subject of annulation of nebulous masses, and the 
width of the rcsidtant ring, with a view of eliciting opinions. 
Twice Prof. Wead was invited to his studv for the discussion of 
tvrtjiin points — espwially M. Fayes modification of the -'nebular 
theory" jlh presented in Comptrs Jit inhis (xc, 087-4*5) : but the sub- 
ject was new to Prof. Wead. 

Whatever new processes or results, therefore, then* may Ik* 
found in Worlt/ Lift were worked out by its author in complete 
isolation from all living thinkei*s. Very much of it was j)ioneer 
work, and the mathematical instrument employed had l»een long 
disused. He felt that great danger existed of falling into some 
grave erroi^s, and he knew that as s<K)n as th(»v were in print and 
lievbnd recall, there would 1m» a cla.ss of sciiMitific critics who 
would take any pains to demonstrate their smartness. He greatly 
desire<l to submit points in his manuscript to the examination of 
experts, but there seemed to be noluxly prepared to act in that 
capacity. He therefore had to assume all the risks or forego the 
publication. 

It was during the concentration of nervous and mental energy 
on this volume that he wjls called on. during the disability of ]>r. 
B. F. Cocker, both by the president of the Universit}' and by Dr. 
Cocker himself, to conduct the latters class in speculative philos- 
ophy. He continued ])r. ('Ocker's method — a daily lecture — and 
he here drew uixm his manuscript volume on •Intelligence and 
lleligion;" and he put a synopsis of the '-Theistic Argument' 
into i)rinted form, in all its ramifications, for the use and at the 
instance of his class. In a similar manner he condensed, into a 
synopsis of eight octavo pages, his whole work (yet unpublished) 
on ^^Intelligence and Religion." In conseriuence of this double 
duty it appe4ii*s that one of the secondary' (^tTects of the malatly 
with which he wjis suffering, as made apparent by the post mor- 
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tern examination, wjis intonsified, and cansed a U'miK)rary dis- 
ablenient. It was nianifestod in continued lic^udache, and Dr. 
Danst^r, of the medical faculty'*, was called for advice. He cx- 
presseil the opinion that mental effort too unremitted had pix)- 
duced a chronic congestion of the capillaries at the base of the 
brain. Whether the diagnosis as t^) cause was correct or not, jus 
to effect there can now be nocpiestion, sincethe blood vessels at the 
base of the brain, as well a>» in other parts of the body, and es- 
pecially the aorta, were ••congested*' and contracted by ossification. 

Dr. Cocker having deceased in April, the T'niversity Senate re- 
(piested Prof. Winchell to deliver a memorial discourse on the 
Sundav of Commencement week. This was delivered on June 
24, and it was published in pamphlet form by the Univei*sity. 
Dr. Cocker had been intimate with Dr. Winchell for many 3'ears, 
Their community of study had afliliate<l them, and a touching 
pei*sonal regard was felt mutually. Nothing could excel the 
reverent, tender and beautiful triV)ute which he now paid to the 
life and personal character and the work of his lost colleague. 
He wrote tender and appreciative memorials of several of the 
Univei*sity faculty when deceased, but into none of them <lid he 
throw the ardor of his love and the polish of rhetorical expres- 
sion and the searching analysis of character that marks this i)aper. 
It will probably long remain the model, i)ar excellence, of (»bitu- 
ary memorials of di'ceased professors at Ann Arbor. 

His ''World Life, or Comparative (rcology" was issued in 
November, 188iJ. Its scope is set forth modestly in the opening 
passage from the preface as '-a thoughtful view of the processes 
of world formation, world gn)wth and world decadence." The 
subjects discussed are the most elevating and sublime within the 
range of human knowledge. It was well received by the public, 
as well as bv scientific critics. 

One of the ahlost works of the day. In involves conceptions whose 
tremendous scope takes one's breath — before whose awful magnitude 
even imagination hesitates appalled: but among these vast themes Dr. 
AVinchell moves with the assured step of a familiar. — Chituufo Times. 

This volume is Dr. WincheU's ma8terpie<*e. It furnishes us a ma^j- 
nificent survey of universal structural cosmogony, such as has not hith- 
erto appeared.— .I//M<?f;««^ Quarterly litcieic^ Jan., 1884. 

There is something very fascinating in the book, so grand and simple 
are its generalizations, so vivid is its panorama of the mighty courses of 
creation, so like a romance of the heavens does it read, with it« onierly 
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«*v(ilutioQ of dramatis persomt* rising out of the limitleHS spacer, passiug 
across the astronomical stage and descending again into the depths 
whence they rose. It is a work of immense learning. — New Y&rk Homu 
Journal, 

Tlie systematic and very comprehensive way in which the author has 
treated most of the important questions of the day that concern e<iually 
the sciences of astronomy, geology and physics, makes the work a most 
timely one, and the candor, research and independent thought which 
have been given to this task are points of excellence that the scientist as 
well as the popular reader will appreciate. * * * * a perusal of 
the book has led the writer to think tliat it is one of the most important 
contributions to science that has appeared in America, at least for years. 
— The. Suh>^real Metfitntjvr. 

AVe know of no other work in which the reader can find a full, con- 
nected and systematic presentation of the results of cosmical research 
that will compare with this. — Popular Scnno }foiiihy^ Feb., 1884, 

1884. In rapid succession appctircMl "(leoiojrieal Excursions," 
u rudimentary lK)ok for young learners in <j;(»olo<i:y. sind * 'Geolog- 
ical Studios, '' a texl-lKX)k of higiier grade, lx)th published by S. 
0. (Jriggs <S: Co., of Chicago. The immediate instigation to the 
preparation of the former was a re(|uest for sueii a work fix^m a 
Boston publisher. It appeared in May. 1SS4. It is on a plan 
entiivlv new amonir text-books of jreolojirv. The effort was made 
to do for geology what has been done especially for botany, in 
directing the learn<»r's attention to the characters of some of the 
most familiar objects, instead of i>utting before him an array of 
abstract detinitions, theories and classifications which cannot be 
apprcKMated by those facilities in easiest and most active exercise 
in the child. 

lie ccmtributed an article to the Ifonuhtir Moidldij (N. Y.) in 
March, which appeared in a 'Symposium' on the question: '-Is 
tln» darwinian theory of evolution reconcilable with the Bible?" 
Other writeis in this symposium are Rev. Prs. Patton and McCosh 
of IVmceton. and Dr. (lulliver, of Andover. lie contributed 
matter amounting to 4r),0U0 words to "Johnson's Animal King- 
dom Illustrated, " mainly on zooh)gical topics, and distributed 
through 22 different ailicles. This was published in the early 
part of ISS."). 

ISS'). In the Supplement to ''Mc(Mintock and Strong's Cych)- 
l)edia" appeaivd his article on Evolution. This is a general ex- 
position of the stibject — its definitions, history, doctrines, prcx^fs, 
speculations. tlu»ories and literature, consiRting of i^jOOO words 
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His Genloffiral St ml it s^ on which lie spent his leisure in 1885, 
was )»egiin in Novemi)er. 1884. Tlie work hiis the same simple 
inductive method as Gfoloifu^al Excursion*. The treatment is 
based largely on American geology. This work was internipted 
hy the Ann Arbor meeting of the American Association for the 
Advancement of Science, for which he prepared three communi- 
cations, on Till' Geifloiju nf Ani\ Arhor, one on JSoitrces of Trend 
miiJ Crustal Surj»If(M(tifi\ and the thinl on Stroimitoporouh. The 
second paper appears in condensed form in the Proceedings, and 
in the American Journal of Science, December, 1885, in full. 
His third paper was orally presented in the Biological Section, 
and was illustrated l»y a series of micro-photogniphs of his own 
make, designed to show the interior and cellular structure. 

lS8fi. At the solicitation of llev. Dr. J. H. A^ncent, of 
rhautatiqua fame, he contnicted in DecemlK»r, 1885, to supply 
the manuscript for a work, afterward publishe<l as Walks and 
Talks in the Qitihujical Fiihl^ to IjiM'eady by April 1, 188(5. His 
^•Gi*ological Studies' ' was in press, his daih' University duties 
were exacting, his professional interruptions were numeix)us and 
aggravating, but this exacting contract, on which he labored 
assiduously, was complied with, and the manuscript was written 
l>v February 15, and was in the publishers hands March \\), 188(5. 
Meantime from various directions came multiplied solicitations to 
write and to lecture, and to sonu* of them he felt constraine<l to 
yield. Among them was a recjuest for an article for The Forum. 
The subject of this <»ssay was Srieiicr and thr Stati'. Another was 
A Wnlh nuihr thv S'a. written for Treasure Tmre. New York. 
Lei'tures were delivered in Thicago and Rockford, 111., and in 
sevend places in Michigan. 

Early in Mav he delivered a series of lectures before the Kose 

« • 

Polytechnic Institute, at Terre Haute, Ind. — meantime receiving 
proofs daily from his publishers in Chicago and Cincinnati. 
Later he drew tip. at the re<[uest of the director of the T'. S. 
(geological Survey a manuscript of 102 pp. devoted to a history 
of the past geological surveys in Michigan. 

As he passed through (Uiicago. July 1, on his way to the wilder- 
ness of northern Minnesota, he received from S. C. (Jriggs &Co., 
the fii*st tinished copy of his Geitloijieal Studirs^ the same <lay on 
which his ^Vaths and Tallcft was put on the market from Cincinnati. 

An entrairement had been made in March with the Minnesota 



122 The Amerirtm Geoimjtt<t, Felminry, 1«W 

(ireologieal Survey to Hi)end the summer in field-work in the ex- 
treme northern portion of that state, north of lake Superior.. 
Acconlingly he left home June 28, and did not return till Sept. 
29. Three months were spent in arduous and trying work on the* 
Areluean rocks in a wilderness far removed from civilization and 
mail connections, where for seven weeks at a time no opportun- 
ity existed to send or receive a letter. The surveys w-ere con- 
ducted in birch bark canoes, along the rocky shores of hundriMls 
of small lakes, and the pjussage from lake to lake wjus imule over 
^'portages." His work extended into twenty-four townships, 
lie noted and studied the rock-outcrops at SDO l(X?alities,. audi 
passed over 121] portages whose aggregate length was 43 miles. 
These portages are foot-trails, more or less blind, through forests,, 
swamps and hilly districts and at times are extremely arduous,, 
even to one having nothing to carry. The observations made- 
were imix>rtant, and were found to throw much light on some of 
the problems of Arcluean geology. The report on this work, in* 
its official form, wjls published in the Fifteenth Annual Keport of 
the Minnesota survey. 

1887. Having lecttired in Oct., ('^i)) at the Wayland Teacher's 
Institute, and at Chicago in November, where he found himself 
'*lK>sted, after the lecture in an advertised place where people who 
came to the lecture to ser /f/>>^ could take him by the hand and speak 
a word.'' and in Menijihis, Tenn., where he was welcomed and 
entertiiined with the greatest cordiality, ])ut where the clergymen 
declined on Sunday to make announcement of his intended Sunday 
evening lecture on Scunrr C/tn'sfiduift/'s Affj/, at Middletown, Ct. , 
before the students, at Meriden, (-t. , at Detroit and Armada, 
3lich. , he spent the most of his leisure in the winter of 188r)-87 in 
the study of Arcluean problems connected with the i)reparation of 
his fii*st Minnesota report. In >Iarch he received the provisional 
offer of the directorship of the Arkansas (leological Survey, then 
lately instituted, but in reply he imposed such conditions, (viz: 
that one half of his time should Im» spent at Ann ArlK>r) that the 
governor sought some one who could devote hims(»lf entirely to 
it, subse<iuently appointing Prof. .J. V. Branner. In >Iay he 
prt»pared a chapter on Geofo(/t/ ami tite BlhJv. published in 
Detroit in a volume styled JSif/nal Lit/hts^ and othei*s for the 
Jlomiletir Review, tSfiss ( tuhx, and Fonnii and prepared a descrip- 
tion, with drawings, of a skeleton of Plati/yonua coinprfssus found iik 
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Tirinitv of a i>eat VkmI west of Osseo. Mich.* In June he delivered 
ithe commencement address atOgden College, Bowling Green, Ky. 
A\\i\ on June 24th was at Sanlt 8t. Mary, Mich., where he entered 
•on an examination of the original Huronian region under the 
4iusi)ices of the Minnesota survey'. At the banquet at the serai- 
icentennial of the University of ^fichigan he represented the 
T^nivei-sity of IJologna. in a brief address which is incorporated in 
.the published volume devoted to the occasion. 

On the Mi niu»sota Survey he spent another season of arduous 
rtield-work. The observations which he made he considered very 
important, and they furnished the basis of several communica- 
itions to scientific periodicals. The plan of the season carried 
iiim not only over the original Hun)nian area, l)Ut also over the 
iron regions of northern Michigan and Wisconsin, and finally into 
•the area of the Animikie in northern Minnesota, lie entered with 
^reat /.est into the study and discussion of practical questions 
1x)uching the stratigraphic relations of the older terranes, and his 
rapid noting of inspection carefully made in the field afforded a 
vast mass of data the discussion of which, in their full and final 
scope, he was never able to complete. July 1!> he gave a public 
lecture at Tshpeming, Michigan, on Emhtfioii. and Dec. 2(), he 
read a paper before the Society of Natumlists at New Haven, 
•CVnnectictit. 

1SS8. ]Ie unittnl with several other geologists in the establish- 
auent of the Aiiirrlrun deobHjist, the first number of which 
4ippear(Ml before (Miristmas, ISH7, and throughout all its volumes 
may be seen the evidence of his zeal in its behalf. 

He laid plans now to undertake the thorough examination and 
nliscussion of the data of tlu» Archiean rocks. He not only pro- 
posed to investigate their field-relations, btit their petrogniphic 
•chanicters. He supplied himself rapidly with the necessary 
diterature and apparatus. Althotigh the undertaking was vjist, 
4ind his health was precarious he entered upon the subject with 
Tthe thon)Uirhness and ambition of a man not vet out of his thinl 
<lecade. A new fi(»l<l of science was opened before him, and with 
the un(huinted front which he always lM)re lx».fore such <litilculties 
he resolutely attacke<l its strongest redoubts. He was annoyed, 
liowever, by applicati4»us for lectures and (Kjpular articles. These 
he now mostly declined — ordy appearing before the Brooklyn 

♦Mentioned in the Aiu^rimn Gt'oloyist^ vol. 1, p. tJ7. 
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InBtitiitc, the SvnieuHC T^iiivwHitv, the Universitv Convocation at 
Albany, N. Y., and Home plaec^t> in Michigan. 

At the Cleveland meeting of the American Association for the 
Advancement of Science he gave orally n stiitement befoi'e 
Section K. of some * 'Systematic results of a field study of the 
Archauin rocks of the Northwest.'' At a meeting of geologists 
for the organization of the Geological Society of America he was 
the chairman, and he also presided over the ^*organizing commit- 
tee,'' lioth then and suhs(H|uently at the meetings at Ithaca, ami 
was continued jis chairman of the same committee for the pur- 
pose of pwparing the permanent ccjnstitution and iK^^rfecting the 
organization. 

A series of pa|>ci*s which he l)egan in the American Gkolooirt 
on **<ieology jis a means of culture" were amplified and extende<l 
into a small volume which was concluded in November. This 
little work, entitle<l "Shall we te^ch (ieology?'' is intended to 
show that geology is adapte<l to younger pupils than generally are 
alloweil to study it. Showing that it ha« those educational (|ual- 
ities that make it worthy of the highest esteem in a school curric- 
ulum, and that it is the result of a tnwlitional priMK-cupancy of 
the field l)v other branches, that it is not admitted into the grades, 
that prcHjede the college course, he c;dls attention to the obst^iclen 
that lie in the way of a reform. The language is vigorous and 
direct, and the work has aln»july produce<l a retlc»ctive ivconsid- 
eration of school courses in several import^int educational centres. 

1K81>. In pursuance of his Arclnean studies he engageil in a 
review of American opinion on the l*resilurian mcks, an<l com- 
municated his results to the eighteenth re|)ort of the Minnesota 
survey. This review ab.sorbtMl a vast amount of time and patient 
resejirch. It is characterized bv the fairness exhibited in the con- 
densed statements of re.su Its and opinions of earlier geologists, 
and it forms a iiseful and very valuable compend for reference. 
At Toronto he presented further results of his work in northern 
Minnesota. -Vt this place the re vise<l constitution of the (ieologi- 
cal Society of America was rejiorted and fiiudly approved. He 
had seen the whole history of this enterprise frfim the time it took 
.some definite shape at Cleveland, O., till it ha<l its first public 
meeting for the reading of papei*s, at Toronto, and had nurs(»d it 
faithfully. He wa.s gratified now to know that it had accpured 
the semblance as well as the substance of a healthful organization 



<'apaV)le of self-support. At the miH^tiiig of Seetioii K he pre- 
sent^Ml a paper on The geoloyUal poaittoii of the Ot/ishke conylom- 
erate, ill which he inclined to consider it as an int^^gral part of the 
Keewatin formation. In 1S80 lie made several lecturing trips, 
viz., Ada, Ohio, Madison rnivei'sity, (X. Y.), Greenville and 
Iljwtings, Mich., Buffalo, X. Y., Hartford, Ct., and contributed 
various minor papers to journals, including a memorial of Dr. 
Ilenrv ^^. Frieze, who had long l)een his colletigue in the Univer- 
sity of Michigan, published in the University Vhromeh. 

1S90. The amount of work which he accomplished the last 
year of his life, as indicated by the diaiy and the field-notes 
which he kept, is simazing. A literal transcript of them would 
still but partially express it, since his regular class and museum 
and laboratory lalx)i*s are not given in detail. A mjui in his state 
of health generally spares himself, by curtailing his daily lalK>r, 
but it was quite the contrary with him. Ifis work l)ecAme more 
Ininlensome and multifarious. Tie shirked nothing. He di<l not 
even decline to answer the numerous letters which sought trivial 
information — .some of which riH[uir(»d several pages. He lectured 
in Chicago, Bowling Green, Hamilton, St. Paul and Detroit. He 
was several times in Washington, Xew York or Boston, t4> attend 
the meetings of the Organizing Committ^je of the [ntennitional 
Congress of (reologists, and the Council of the iJeologic^il Society 
of America. In the summer he wjus geologist t4) the Rocky 
Mountain club, which made an excui*sion from St. Paul, traveling 
4,1>71 miles in 1;> states and territories, attendcMl the scientific 
meetings at Indianapolis, where he presided over the (rcological 
Society of Americ4i, projected, and in conjunction with the in- 
terest^^d professors at Ann Arl)or, prepared a memorial, accom- 
panied by detailed plans, urging additions to the scientific lalK>ra- 
tories of the Univei*sity, presenting the same before c^ommittees 
and Ijefore the full Hoard of Regents, ma<le a geological survey 
of a region lU'ar Kcho lake in Ontario, on which he bjused his hist 
communication to the (Jeological S<K*iety. --A hwt word with the 
Hun>nian,"' inadt' a lengthy ivsponse to a toast -'The Univei*sity,'* 
at a baiKpiet, in Detroit. He was president and din*ctor of the 
University .Musical Society, president of the Boanl of the AVes- 
leyan (Juild, for which he prepared a pamphh^t, giving its consti- 
tution, plan and purposes, president of the Trustees of the Meth- 
odist Kpiscopal church at Ann Arbor, and wjus ju.^t clectA^l presi- 
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dent of the iJeological Sooiet}* of Americsi. His Jetter-lM>ok for 
1890 (*oiitain.s 487 eopitnl lottors. His imblished uianuscript 
nraoiiiits for 1890, to 295 octavo pa^os, and that which remains un- 
published Is estimated at alwut 100 pajj:es more. 

1891. This year was begun with the same restless activity and 
far-reaching plans, but he soon found himself incapacitated. His 
sickness was brief, and he died, as alreadv detailed, on Februarv 
19, 1891, when he was but litth* past 00 aval's of age. 

Ill HIS scikntifh' wokk. 

Th(» most of Alexaud(»r Winchell's work was scientific, but as 
he followed his researches in their remote ramifications he found 
himself articulating with other fields, and making the accpuunt- 
ance of scholaiN who did not consider themselves scientists. All 
his pr<KH»sses aiul conclusions, however, were cluiracterized by 
strict adherance to scientific evidence and methods. He ditreivd 
from most s(»ientists in that he did not hesitate to follow anv line 
of investigation, although it was but secondary to his main pur- 
|x>se. Thus he was tnimdly at home in most of the ''natural 
sciences " and in mathematics, astronomy, philosophy and 
ethnology. WluMiever his many-sideil genius inspired him to 
*Mit(u* ui)on a couiNc of systematic study, his fertik* pen, with a 
ready comman<l of apt expression, recorded his observations aiul 
liis thoughts, and this constituted much of his scientific work. 
He sometimes lamented that he was s<i '-fatallv balanced" that his 
energies, insU»ad of being turned unitedly to oiu» object were per 
[)etually abstracted by tlie pi-osecTititm of all in succession. If is 
achievements, however, in almost anv one of the sciences in which 
lie lalnnvd, won hi constitute an honorable record, and when they 
are considere<l in their aggregate they mount up to a sum total 
which it seems jdmost imjH>ssible for one human life to com- 
pass. 

It is not possilih', nor perhaps would it be appropriate and 
profitable, here to enter upon an analysis of the scientific publi- 
<*ations of Alexander Winchell. nor even to attempt to i)oint out 
those facts and ideas which he added to the sum of human 
knowledge. The di.scriniinating student, of the future, will be 
able, from the following list, to identify his publications, and to 
ascribe to each such value as it mav deserve. 
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LrsT oFTiiK TNrBfjsiiKu Works OF Alexander WixnrELL, LLD. 

185U-lSin. 

1850. Abstract of Meteorological Observations at Amenia Seminary in 

1849. Jieport N. V, liegeniH, 1850. 

1851. Catalogue of Plants found growing without Cultivation in the 

vicinity of Amenia Seminar)'. Jieport N, F. liegentt. 1851, pp. 
256-279. 

1852. On the Cold of the Month of January at Eutaw, Alabama, and on 

the .Aurora Borealis of Sept. 29, 1851. Amer, Jour. »SVt. rf* Arts. 
2d.. Series, xiii, 1852, p. 294. 

1853. On the (ieology of the Choctaw Bluff. Pro(^, Amer, Amhoc. Adv. 

Sci,, vii, 1853, pp, 150-153. 

1854. On the Location of the Agricultural College. Jfic/i. Afjri, lifpt, 

1854, pp. 343-350. 

1855. On the PurKuit of the Natural Sciences. [Head before the State 

Teachers' Assoc.) }firh. Journ. Ktfue., ii. 1855, pp. 152-101. 

1855. The Shell Marls of Michigan. Mich, Farmer, Sept., 1855, pp. 257- 

259. 
IS'iVt. On the Importance of the Stmly of Natural History': (Read liefore 

the State Teachers* Assoc, 19 Aug., 1856. | Mich, Jour ii. Edue. 

ill. 1850, pp. 297-30H. 

1856. Notes on the (ieology of Middle and Southern Alabama. Proe, 

Amer. Anttor. Adc. Sci.^ x. 1850, pp. 82-93. 

1850. Statistics of some Artesian Wells of Alabama. Proc. Amer. Ansoe, 
Adc. Set'., X. 1856, pp. 94-103. 

185T. Theologico- Geology; or, the Teachings of Scripture Illustrated by 
the Conformation of the Earth's Crust, an Address delivered 
before the Bible Class connected with the Methodist Episcopal 
Church, Ann Arbor, Michigan. . ..\nn Arbor: Pnmphlet. 1857. 
8^ pp. 24. Printed by Davis A: Cole. 

185T. Guide to the Pronunciation of Scientific Terms. 1857. 12*^ pp. 12. 

1857. Table of Cretaceous Hocl\S in Alabama. Pror. Aend. Nut, Set., 

Phila,, ix, 1857, pp. 120. 
1857. On Hair Worms. Mich. F/z/w/r, July, 1857, pp. — . 

1857. Superficial Deposits of Micliigan and Alabama. Harper 8 Qeol. 

Hep. ofMisH., 1857, 310-318. 

18.5S. Voic«*s from Nature, Creation the Work of One Intelligence and 
not the Pro(lu<*t of Physical Forces, being the closing lecture of 
a course upon Geology and Natural History, delivered before 
the Younir Men's Literarv Association of Ann Arbor, Mich. Pub- 
lished by reciuest of the Association. 1858. 8° pp. 20. 

185S. Address Ijefore the State Teachers' Association, Ann Arbor, 20th 
Dec, 1857. Mieh. Journ, Kdnc.Jan., 1858, pp. 015. 

185S. iteport on the Michigan Journal of Education. Mieh. Journ. 
Kdnc. Jan. 1S58, pp. 20-27. 

1858. Synoptical View of the Geological Succession of Organic Types. 

For the use of Students in the University of Michigan, and 
printed at their request, May, 1858. Ann Arbor. 8*^ pp. 7. 
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185S. Leaves from the Book of Nature. Mieh, Jourti, Educ» ii, 1868» 
pp. 74-77, 97-100, mim, 109 173, 193-197, 225-2d9, 357-2«3, 305- 
310, 383-896. 

1858. Annual Report of MIebigan Scat« T«acher8* Association. MUh. 
Joum, JSdue. Sept. 1858, ppi. S71-S18b 

1858. Outlines of the Geolc^y of Michigan. Mieh. Fnrmer, D^^ 1868. 

1859. Memorial Relative to a Geological Survey. Hmse Iht^ No, 29^ 

Jjfgigktturf ^1859. pp. 10. 
1859. Scenes and Incidents of the Coal Period. Mt>h, J&ftrn. Kdue.y. 

vi, 1839, pp. 13-20. 
1859. A Chat About Teeth, yfirh. Journ, Educ, vi, 1859. pp. 20-25. 
1859. Popular Solution of the Pendulum Problem, .\tich, Jofirn, Kduc.^ 

vi, 1859, pp. 27-29. 
1859. Public Instruction in Upper Canada. MHi. Jo'trn. Kdiir.^ vi,lH59, 

pp. 48-52. 
1859. Anotlier Chat About Teeth. Mirh.Jotirn, Kdnr,, vi, 1H59, pp. 53- 

59. 
1859. Museum of Comparative Zoology at Cambridge. Mirh, Journ, 

E<fue,, vi, 1859, pp. 184-141. 
1859. Is Mo<le a Property of the Knglish Verb? MM. Ji^nrn. J^<^wr., vl, 

1M59. pp. 157-159. 
1H59. Public Instruction In Michigan. Mich, Journ, Kdur.^ vl, 1859, pp^ 

305-314. 
1859. What Makes the Successful Teacher? An Address Delivered at 

Pontlac, August IS, 1859, l)efore the Ml<:hlgan State Teachers* 

AsscH'iation. [From the Tmug, of the Annor, for 1K')9.] Ann 

ArlK)r, lam S^ pp. 22. 
1859. How Shall our Standard of Primary Instruction be Elevated? 

Midi^Jourii. Kdnc, vl, 1H59, pp. 433-436. 
1859. lieorganlzatlon of tlie Agrlcultunil College. Mich, Jourii. Edn€.. 

vi, 1K59, pp. 474-476. 
1859. Report of the Visiting Committee, State Normal School. [A 

Criticism, on.| Mirh. Joum, Educ,^ vi, 1859, pp. 476-477. 

1859. Is Natural History an Appropriate Study for Youth? Mich.. 

Joum. Edur.^ vi, 1S59, pp. 477-47S. 

1860. The Cycles of Matter, or tlie Permanence of tlie Kartli and the 

Destiny of the Race. Mirh. Jouvn. Edut-:, Aug., 1860, pp. 273-280.. 

1861. First Biennial Report of tlie Progress of the Geological Survey of 

Michigan, embracing observations on the Geoh)gy, Zoology, and 
Botany of the Lower Peninsula. Made to the Governor, 
De<eml)er 31, 1H60. By Authority. Lansing. 18<51. 8s pp. :WS>. 

1862. Notice of the Kocks lying between the Carl)oniferous Limestones 

of the Lower Peninsula of Mi<'hlgan and tli<> limestones of the 
Hamilton Group: witli descriptions of some ('ephalopods sup- 
posed to be new to Science. Aimr, Jotirn,, of Sri,^ 2il series,, 
xxxili. pp. ir>2-3(J6. 
1862. Salt Manufacture of tlie Saginaw Valley. IluaVn Mi-rrhtiitU'* Mmj- 
aziru, Sept. 1862, pp. 209-223. 



1862. On the Sail ferous lioctks and Salt Springs of Michigan. Amer, 
Jmirn, of Set, 2d series, xx.\iv, pp. 307-811. 

1862. Descriptions of Fossils from the Marshall and Huron Groups of 

Michigan. Pror. Aiunl. XtU. Sci. Phila., xiv, 1862, pp. 405-480. 
1868. On the Identification of the Cattstcill Red Sandstone Group with 

the Chemung. Amer. Journ, Sri d- Artn, 2d series, xxxv. 1868, 

pp. 61-62. 
1868. Descriptions of FossUa from the Yellow Sandstones lying beneath 

the "Burlington Limestone'' at Burlington, Iowa. Proc, Arad. 

Nat. Sci. Phila., xv, 1868, pp. 2-24. 
1862-4. Voices from Nature. lAtdietr UtpimUtry, xxii, 1862, pp. 806-400, 

488-492, 518-522, 577-581, xxiii, 18(53, pp. 46 51, 72-74, 149-16JJ, 

201-204,269-272, 885-890, 456-460, 518-520, 626-628, 678-684,745- 

747, xxiv, 1864, pp. 81-88. [Sixteen articles.] 

1863. Suggesticms on the Nature, Method, and Subjects of Sunday- 

School Instruction. Pr^c Sunthiy-School Ah$o€. Wcuhtenaip Dint., 
1868, pp. 8-15. 
1868. Description of Elephantine Molars in the Museum of the Uni- 
versity of Michigan. Canadian NaturaUsU Oct. 1868, pp. 898-400. 

1864. lieport Historical and Statistical on the (Collections in Geology, 

Zoology and Botany, in the Museum of the University of Mich- 
igan, made to the Board of Regents, Oct. 2, 1868. Ann Arbor: 
Pul)lished by the University. 1864. 8* pp. 26. 

1864. Notice of a small collection of Fossils from the Potsdam Sand- 
stone of WiscouHin and the Lal^e Superior Sandstone of Michi- 
gan. Amer. Journ. Sfi. & Arttt, 2d series, xxxvii. 1864, pp. 226-288. 

1864. The Oil Region of Michigan. Description of the Baker Tract, 
situated in tlie heart of the Oil Region of Michigan. Detroit, 
18(S4. 8** pp. 7. Repul)lished in Amer. .fmiru. Sri. d- Arts, 2d 
series, xxxix, p. JJ50. 

1864. Notice of the Remains of a Mastodon recently discovered in 
Michigan. Amer. Jonm. Sfieare tf* Art$^ 2d series, xxxviii. I8(i4, 
pp. 228 224. 

1864. Description of a Gar-pilie, supposed to be new — Lepidosteus 
(Cylindrosteus) oculatus. Pror. Arad. Xot. Sri. Phila.^ xvi, 1864, 
pp. 188-185. 

m\A. Geologicral Map of Michigan. Published by S. Geil, Philadelphia. 

1864. On the Origin of the Prairies of the Valley of the 31ississippi. 
Amer. Jour. Sri. «(• Arta^ 2d series, xxxviii, 1864, pp. 882-844. 

1864. Postscript to Prof. Winchell's article on the origin of Prairies. 
Amer. Journ.Sri, d- Arin^ 2d series, xxxviii, 1864, pp. 444-445. 

1864. Meteorological Obser\'jitions atKutaw, Ala., and Ann Arlior, Mich. 
Smitlutofiidti yfetrorologirnl Obnerr^atiotut. 1864. 

1864. On the Currant Worm of Ann Arbor, Michigan. Amer.Journ. Sci. 

d- ArtHy 2d series, xxxviii, 1864, p. 291-292. (Condensed from an 
article in the Detroit Frre PrfHH of July 9, 1864.] 

1865. The Soils and Subsoils of Michigan. An Address delivered be- 

fore the Executive Committee of the Michigan State Agri<!ul- 
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tnral Society in Itepresentative Hall, at Lansing, Thursday even- 
ing, January 19, 180."). Publislied by order of the Legislature. 
Lansing. 1865. 8^ pp. 80. 

18(»5. On the Oil Formation in Michigan and Elsewhere .... From a re- 
port on the "Baker Tract," near Lakeport, St. Clair Co., Michi- 
gan. Amer. Jonrn. Sr/. rf- ArU, 2d series, xxxix, 1805, pp. 350-853. 

1805. An Act to provide for the completion of the Geological Survey. 
Jfir/t, TA'yiHinticc Proc.^ Feb. 10, 18<)5. 

18(r». Notes on Selandria Ceraai, Harris, as it occurs at Ann Arbor, 
Mich. Proe. Bot^ton Soc, Nat. Hut., x, 1805, pp. 321-325. 

1805. Geological Ueport on Certain Oil Lands lying in the Counties of 
Sanilac* and St. Clair, Mich., comf)rising in all about 31,000 acres. 
Detroit, 1805. 8^ pp. 8. With map. 

1S05. Descriptions of New Species of Fossils, from the Marshall Group 
of Michigan, and its supposed eciulvalents in other States: with 
Notes on some Fossils of the same age previously described. 
Pioc. Auid. Xat. Sri. Phila., xvii, 1805, pp. 109-133. 

1805. lieport on the Museum of the University of Michigan. Pror. 
Board of Regents for 186.'}, pp. 4. 

1805. Some indications of a Northward Transportation of Drift Material 
in the Liwer Peninsula of Michigan. An'^r. Joani. Sfi. d' Arts , 
2d series, xl. pp. 331-338. 

HMU'k Note on the Geology of Petroleum in Canada West. Aioer. Jonrn. 
Sri. d' Arts, 2d series, xli, 1800, pp. 170-17S. 

IHOO. Report on the Oil Lands of Lambton County, Canada West. De- 
troit, 1800. S pp. 15. With maps. 

ISOO. Ueport on certain Oil Lands in Wetz<'l County, West Virginia. 
1800. 12^ pp. 3. 

1800. The. Grand Traverse Kegion. A Report on the Geological and 
Industrial Resources of the Counties of Antrim, Grand Traverse, 
Renzle, and Leelanaw, in the Lower Peninsula of Michigan* 
Ann Arbor, 1800. S pp. J>7. With map.* [Embraces notices 
and descriptions of 5(> species of fossils.] 

ISOO. Geological Report on the Lands of the Neff Petroleum Company, 
lying in Knox and Coshocton Counties, Ohio. S pp. 11. With 
map and seirtion, .June, 18($0. 

ISOO. A Plea for Science. An Address delivered in Morrison (-hapel, 
Kentucky Tniversity, Commencement Day, June 2S, 1800. Cin- 
cinnati, ISOO. S pp. .30. 

ISOO. The Fruit-bearing Bell of Michigan. J'ror. Amer. Ansor.Adr. Sri., 
XV, 1800, pp. 84-91. 

ISOO. Stromatoporid.'i*: Th«'ir Structure and Zoological Attinities. Pror. 
Amn'. AnHor, »/., xv, ISOO, pj). 91-99. 

ISIJO. (With Prof. Oliver Mnrc\ ), Enumeration of Fossils collected in 
the Niagara Limestone at Chicago, Illinois: with Descriptions 
of several New Species. .\frmoirH JtoHtou Sor. ytU. Hint., i, No. 
1, pp. 81-113. Sepanite. Two plates of illustrations. 
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1S66. Heport on the .>[useum of Iho University, Sept. 20, 186«. Printed 
by the Board of liegents. 8" pp. 12. 

1H67. Peat in Michigan. lA'4trite» Pent Journrtf, i, Xo. 1. 18«7. 

1HI)7. Address on Public Geological Surveys, and the Geological Sur- 
vey of Kentucky, in particular. Delivered in response to a res- 
olution of the House of Iiopres(>ntatives on Friday evening, 
February 1st, 18(J7. Frankfort, Ky., 1H67. 8^ pp 21. 

1867. Synoptical View of the Geological Succession of Organic Types* 
Second edition. Ann Arbor. 1867. H pp. 10. 

1807. Man the Last Term of the Organic Series. Ann Arbor. 1S67. 
H pp. S. [From Vniremity Mnytizinv.] 

1H^>7. Heport on the Museum of the University, Sept. 21, 1807. Pub- 
lished by the Board of Uegents. 8 pp. 12. 

1S08. The Onward March of the Race. Vn (comity Mnffuziue, ii, 1S08. 
Separate, re paged. 8 pp. 8. 

IHOH. Report on the Museum of the University, Sept. 2i, 1808. 8 pp. 15 
With plate. 

IHOrt. Syllabus of a Course of Lectures on (neology to be delivered in 
the University of 3[ichigan in the Months of March, April and 
May, 180J). Ann Arbor. 18<50. 8 pp. \\\, 

1801). The Old Age of Continents. WinUrn Monthly, April, 1809, pp. 
210-215, royal 8 . 

1800. The Boulder of ^S\). I'htni'Hity Af^tf/azitif, May, 1869, p. 4. 

1800. A Gnisj) of Geologic! Time. Wtstrrn Monthly^ June, 1800, pp. 

aoo-;n4. 

1860. Table of Geological E(iuivalents. G*oloyy nf IVnn,, 1S<)0, pp. 
:{04-:]05. 

1800. Descriptions of Fossils from the Silicious Group of Tennessee. 
Gi^oloffy of Tnni., 1800, pp. 440-44(>. 

I860. Outlines of a Proposed Final Rei>ort of a Survey of the State of 
Michigan, to be made in pursuance of an Act approved March 
20, 1800. Ann Arbor. 1809. 8 pp. 8. 

1800. Report of Operations in the Museum of the University of Michi- 
gan in the Department of Geology, Zoology, and Botany, and 
the Department of Arclueology and Relics. For the year end- 
ing Sept. 21, 1800. Ann Ari)or. 1860. 8 pp. 11. 

1800. Genealogy of the Family of Winchell in America: embracing the 
etymology and history of the Name, and the outlines of some 
collateral genealogies. Ann Arbor. 1860. 8 ' pp. 272. 

1809. The Mineral Fertilizers of Michigan. Jtep, Depart, Agrie, Wunh- 
inr/ton. 1809, pp. 

1870. Syllabus of a Course of Lectures on Geology, to be delivered in 
tlie University of Michigan, in the months of February and 
Marcli, 1S70. Ann Arbor. 1870. X"- pp. 18. 

1870. Sketches of Creation: A Popular View of some of the Grand 
Conclusions of the Sciences in reference to the History of 
Matter and of Life. Together with a statement of the intima- 
tions of Science respecting the primordial condition and ultimate 
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destiny of the Kftrth and the Solar System, with illustrations. 
New York: Hardier <& Brothers, Publishers, Franklin Square, 
1870. 12^ pp. 469. 

1870. Schedules of Instructions for Observers and Collaborators | on the 
Geological Survey]. 1870. 8 pp. 7. 

187(K A Geological Chart: Exhibiting the Classification and Relative 
Positions of the liocks, and the various Phenomena of Strati: 
graphical Geology, together with an Indication of Geological 
EciuivalentH, the most importAnt American and Foreign Syn- 
onyms, and numerous Typical Localities, with an actual Section 
from the Atlantic to the Rocky Mountains. Harper <& Brothers, 
Publishers, Franklin Square, New York. Size, 4 ft. by 7 ft. 

1870. A Key to a (Geological Chart. 8 pp. is. 

1870. Report of Operations in the Museum of the University of Mich- 

igan in the Department of Geologj', Zoology, and liotany, for the 
year ending Sept. 10, 1870. Ann Arbor. 1870. | Published by 
Board of Reirents.] 

1871. On the Geological Age and Eciuivalents of the Marshall Group. 

Proc. Aifrr, PhiloM. Soc, \i, 1871, pp. 57-82, 385-41^. 

1871. Notices and Descriptions of Fossils from the Marshall Group of 
the Western States, with Notes on Fossils from other Forma- 
tions. Pt'oe. Amer. PhiUta. So*:, xi, 1871, pp. 245-200. 

1871. Report on the Progress of the State Geological Survey of Mich- 
igan. Presentetl to the State Geological Board, Nov. 22, 1870. 
By authority. Lansing. 1871. H pp. 04. 

1871. The Geology of lierrien County Michigan. Diret'tori/ of JJet'Ttcn 
Co not I/, Feb., 1871, pp. 

1871. The Isothermals of the Lake Region. 7'ror. Aoter. Alitor. A(fc., Set., 
xix, 1871, pp. 10<J-117. With two charts. 

1871. The Climate of Michigan. 8 pp. 8, with two cliarts. 

1871. The (Mimate of the I.ake Region. Ilorjhr's Moffozior, July, 1871, 
pp. 275-285. 

1871. Scientitic Education. Cfreoioniei* and Sjurrhe^ of the DeiHcotion of 
Oronf/f JuM I foil of Not, Sn',, Middletoirn^Ct,, pp. i{7-68. 

1871. The Soils and (Geological Feature** of Michigan. The I'racehr 

Londvo, Knij., i, 1871, p. 5(>. 
187 L Report of Operations in the Museum of the Vniversity of Mich- 
igan in the Department of (Geology, Zoology, and Botany, and the 
Department of Archaeology and Relics, for the year ending, 
Sept. 28, 1871. Ann Arbor. 1871. [Published by the Board of 
Regents.) 8 pp. 12. 

1872. Manifestations of Power in Creation. Sunday Srhool Jtmroal^ 

.Ian., 1872, pp. 4 0. 
1872. Manifestations of Intelligence in Creation. Sviuhnj School JoKroal, 

Feb., 1872, pp. 25-27. 
1872. Manifestations of Beneficence in ('reation. Sondoy ScJo^d Jonrnol, 

March, 1872, pp. 50-51. 



1S72. The Searrh for Knowledge. Th Chrotiii-h iUnir, MM,), May. 

1S72, pp. 
\XV2. Heport of a Geolojrical Survey of the Vicinity of IJelle Plain, Scott 

County, Minn. Printed by order of the. Senate. St. Paul. 1872. 

s pp. 10, with cut. 
1S72 Is God Cognizable liy Reason ? JiHh, QwirU Her,, liii, 1872, pp. 

442-446. [Separate, with atlditions.] 

1572. Admission to the University. What is required in Botany, 

Zoology, and (ieolo^y. ^f^^'/^. Teiwhrv, vili, 1872, pp. 147-151. 
1872. The Unity of Creation. Snndoy School Jovrnaf, June, 1872, pp. 

122-124.* 
1872. The Religious Nature of Man. Snnthn/ St-hoof ./o/o/m/, July, 1872, 

pp. 145-147. 
1872. Moses and Geology. Snmhiy Sfhool JoKrnnf, Aug., 1872, pp. 171- 

172. 
1872. The :Mosaic Deluge. Sunday Srhool Jonrwtl, Sept., 1872, pp. IJKl- 

195. 
1872. ^lan in the Light of Geology. Smulay School JonnuU, Oct., 1872, 

pp. 210-221.^ 
1872. Finiteness of tlie Existing Order of Things. Snmhiy SeJufol Joiir- 

,wl, Nov., 1872. pp. 241-24:1. 

1872. The Bible in tlie Liglit of Nature. iSfnuhit/ School Journal, Dec, 

1872, pp. 51-5:J. 

187:J. [Supplement to) Moses and (tcology. Snuihiy Srhool Journal, Jan. 
187y, pp. 13-14. 

187:». Report of Operations in the Museum of the University of Mich- 
igan, in the Department of Geology and Botany an<l the Depart- 
ment of Arclui'ology and Ethnology, for the sixteen months end- 
ing January 14, 187:i, 8 pp. 20. 

1873. The Modern University. An Inaugural Address as Chancellor 

of Syracuse University, Pel). 13, 1873. S pp. 37. [Also included 
in Addresses and Other Exercises at the Inauguration of Alex- 
ander AVincliell, etc., etc. pp. 43-79.) 

1573. Speech at the Laying of the Corner Stone of the Sage College of 

the Cornell University, May 15, 1H73. 12 pj>. 17-30. 
1873. The Diagonal System in the Physical Features of Micliigau. 

Auor. Journ. Sri. Art«, 3d series, vi, 1873, pp. 3n-4(l. 
1873. The (Jeology of the Stars. Boston: Estes Jc Lauriat. Half Hour 

llrcreoti'tm* iit Pop. Sri., No. 7, pp. 255-2HI]. 
1S73. Tlie Unity of the Physical World, I. Facts of Co-Existence. 

Afefh. f^oorf. Her., Iv, 1S73, pp. 181-205. 
1873. Report of the Syracuse University. Addressed to the Central 

New York Conference, Sept. 24, 1873, p]>. 4. 
1873. Michigan. Being Condensed Popular Sketches of the Topog 

raphy, Climate and Geology of the State. S^ pp. 121, with 8 

littiographic and colored charts, extracted from Wnllinfja Atlo» 

of Mirh. 
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1874. The Unity of the Physical World, 11. Facts of Succession. 

Meih, Quart, lier., Ivi. 1874, pp. 28. 
1874. The Doctrine of Evolution: Its Data, its Principles, its Specula- 

tions,and its Theistic Bearings. New York: Harper & Brothers,. 

Publishers, Franklin Square. 1874. 12 pp. 148. 
1H74. Rei>ort of Syracuse University to the Board of Regents of the 

University of the State of New York. 187th Report of the 

Regentt, 1874. 
1H74. Report of the Syracuse University, April :J, 1874. To the Con- 
ferences of the Methodist Episcopal Church in the State of New 

York. 8' pp. 4. 

1874. Syracuse University. Annual' Report to the Board of Trustees, 

Presented June 28, 1874, and ordered printed. H pp. 17. 

1875, Religous Ideas Among Bartmrous Tribes. }feth. t^nari, Rrc.^ Ivii, 

1875, pp. 5-27. 
1875. The Religious Nature of Savages. Meth. Quart. Uer.^ Ivii, 1875,pp. 

857-878. 
1875. Thoughts on Causality, with References to Phases of Recent 

S<'ience. Trans. AVhihj/ hmt.^ Feb. 4, 1875. 
1875. Syllabus of a Course of Lectures on Geology, to be delivered in 

the Syracuse University during the Winter Term of 1874-5,. 

Syracuse. 1875, 8 pp. 82. 
1875. School of Geology in the Syracuse University. 8 pp. 4. [Pro- 
ject of.] 
1875. Supposed Agency of Tee Floes in the Champlain Kpoch. Scitn- 

lifr- Monthly, Toledo, Oct., 1875, pp. 
1875. Supposed Agency of Ice-Floes in the Champlain Epoch. Amer.. 

Jour. ScL d' Arts, JJd series, xi, 187r), pp. 225-228. 
1875. Rectifi<;ation of the (leological Map of Micliigau. Pror. Anur.. 

Assor. Aifr. Sci., xxiv, 1875, pp. 27-48. 

1875. Plan of Advanced Courses of Study in Geology and Zoology.. 

Published by Syracuse University. 12 pp.0. 

1876. Climate and Time. A Review of CroU's Climate and Time. In- 

teriuitioual lir-r., July- Aug., 1876, pp. 511> 526. 
1876. The Dawn of Life. A Review of Dawson's *'The Dawn of Life.'' 
International Rec, July- Aug., 1876, pp. 541-544. 

1876. God in the World. A Review of Cocker's Theistic Conception of 

the World. Meth. Quart. Etc., Iviii, 1876, i)p. 51 1 529. 

1877. Huxley and Evolution. Jfrth. Qiuirt. Rec, liv, 1877, pp. 289-805. 
1877. Preadamites. McOliniork and i<tron(ys Ct/rlo. Bib., TheoL, and' 

Ecck. J At. 1877. 

1877. Reconciliation of Science and Religion. New York: Harper & 

Brothers, Publishers, Franklin Square, 1H77. 12 pp. 4()8. 

1878. Adamites an<i Preadamites. Syracuse, N. Y.: John F. Roberts. 

1878. 8' pp. 52. [Reprint of ten articles \n Northern Christiatv 
Advocate, Pamphlet). 
1878. Mastodon and Mammoth. Published bv Prof. H. A. Ward fronb 
articles in New York Tribune, Aug. 17, 187H. ti pp. 10« 
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187S. riiivereity Control. Read before the University Convocation, 

July 10. Ninety-firHt Anmt/il Effort of tJte Regents of th^ Uniter- 

Hity, 8^ pp. 12. 
1879. Syllabus of a Course of Lectures on Geology, Delivered before 

the State Normal School at Potsdam, N. Y , May 19-31, 1879. 8^ 

pp. 7. 

1879. The Sanitary Geology of Nashville, [Tenn.]: or, the Geological 

Structure of Nashville in Relation to Drainage, Springs, Wells, 
and Cellars. 8^ pp. 14. Report of the Nashville Board of 
Health. 1878. 

1880. The Metaphysics of Science. North Amer, -Bet?., Jan., 1880. pp. 

I59-H4. 
1880. Syllabus of Courses of Lectures and Instruction in General Geol- 
ogy, with References to Sources of Information. Ann Arbor: 
Sheehan & Company. 1879. 8° pp. 115. 

1880. Preadamites; or, a Demonstration of Existence of Men before 

Adam. Together with a Stud}' of their Condition, Antiquity, 
Racial Affinities, and Progressive Dispersion over the Earth. 
AVlth Charts and other illustrations. Chicago: S. C. Griggs and 
Company. London: Trttbner & Co. 1880. 8^ pp. xxvi, .500, 8 
charts, frontispiece, 57 woodcuts. 

1881. < Geology of Washtenaw County, Michigan. [Extracted by per- 

mission from the History of Washtenaw County.] Chicago: 
Charles C. Chapman i& Co. 1881. 8 pp. 30. lliat. Washtenaw 
Co., pp. 141-172. 

188 J. The Study of Mankind. A review of Taylor's Anthropology. 
T/(e Dial, 0/iit'(tf/o, 1881, pp. — . 

1881. The Human Career. A r^-view of Lesley's Man's Origin and Des- 
tiny. The Dial, Oct., 1881, pp. — . 

1881. Sparks from a Geologist's Hammer.... Chicago: S. C. Griggs & 
Co., 1881. 12 pp. 400. 20 illustrations. 

1881. The Climate of Micliigan. A paper read at the Annual Meeting 
of the State Horticultural Society, Dec. 7, 1880. [Extracted 
from the Annual Report of the Society foM 880.) 8 pp. 11. 
Ann. Rep, State Ilort, Soe., 1880, pp. 155-163. 

1881. .lames Craig Watson. [Biographical Sketch.] Amer. Jour. Sci. 

tt- Arts., xxi, 3d series, 1881, pp. 62-65. Separate, repaged, pp. 6. 

1882. Address at the Funeral of Prof. James Craig Watson, Ph.D., 

LL.D. }frntorial Atldrenseg, pp. 21-26. 

18H2. University of Michigan. A Memorial Discourse cm the Life and 
Services of Rev. Erastus Otis Haven, D. D., LL.D., Professor in 
the I'niversity from 1853 to 1856, and President of the Univer- 
sity from 1863 to 1869, and late Bishop of the Methodist Episco- 
pal Church in the United States. Delivered in Univer ity Hall, 
by reciuest of the Senate, Nov. 6, 1881. Published by the Uni- 
wraity, 1883. 8 pp. 57. Pamphlet. 

l^*>^•2. Ancient Myth ard Modern Fact. Thr Diot. Chicago, ii, April, 
1SM2. pp. 284-280. [Review of "Atlantis": The Antediluvian 
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AVorld, by Ignatius Donnelly. Illustrated. New York: Harper 

& Broth- rs.] 
1H82. Prof. Adam's "Manual of Historical Literature.'' Th Thai, 11, 

April, 1882. pp. 290-291. 
1882. The Speculative Consequences of Evolution. A Lecture before 

the Summer School of Christian Philosophy, atJ,r»reenwood 

Lake, July 18, 1881. Chnsiinn Phihsopfti/ quarterly, April, 1882, 

pp. 1-30. 

1882. Report on the Use of Microscopes in the University. Pnn'rtdimjH 

Board of Regents, June, 1882, pp. 201-212. 

1883. A Scientistic Romance. Review of Donnelly's Raguarok. The 

Dial, Chiaigo, January, 1883, pp, 207-209. 
1883. The Experiment of Universal Suffra|?e. North Anur. Rerieio, Feb. 

1888, pp. — . 
18S3. Incipient Communism in tbe United States. North Aimr. Rricitj 

March, 1883, pp. — . 
1883. The use of the Microscope in Geology. Th^' MicroHcopt. Feb.,18s;{. 
1883. Forms of the Theistic Argument. 8 vo. 8 pp. Pamphlet. Jan., 1S83. 
1883. Commemorative Address on the late Prof. B. F. Cocker', 1). I). 

Delivered in accordance with a resolution of the University 

S^nate, in University Hall, June 24, 1883. 8vo. 35 i)p. Published 

by the University. 
1883. Critique of M. Joly's, "Man before the Metals." Th 7>/V//,Cliloago, 

July, 1883. 
1883. World-Life or Comparative Geology, 12 mo. jip. \.\iv, aiul G42, 

Avith 59 illustrations. S. C. Griggs vS: Co., Chicago, 'I Nov. 
1883. The Perils of the Arctic. Review of the Voyage of tlie Jennette. 
The DM, Chicago, Nov., 1883. 

1883. Secular increase of the Earth's mass. Srnnrty il, 820-21. Dec. 28, 

1883, Chemieal Newn, London, Mar., 1884. 

1884. Sunset (llow in a Clouded Sky. Snenre, iii, 4, Jan. 4, 1SH4. 
1884. Limits of Tertiary in Alabama. Scienn, iii, 32; Jan. 11, 1884. 
18X4. Symposium: Is the Darwinism Theory of Evolution Reconcilable 

with the Bibles If so with what Limitations'/ The H'nniii'tic 

}fonthly. Mar. 1884, pp. 345-9. 
1884. Homer and Schliemann, a Review of "Troja." Th* Dinl, Cliicago, 

March, 1884, pp. 269-72. 
1884. Coordination of Mind with the Cosmos. A Review of the Duke 

of Argyll's "Unity of Nature." The THnl, Chicago, May, 1884. 
1884. Geological Excursions, or the Rudiments of Geology for Young 

Learners. 12 mo. pp. v. 234, with 87 illustrations in the Text. 

Chicago, S. C. Griggs & Co., 16 May, 1884. 
1884. Thoughts on Science Teaching. Index, 12 July. Also a separate 

Pamphlet,12 mo. 16 pp. 
18H4. Our Remote Ancestry. North Ameriean Reciew, Sept , 1884, ])p. 

246-57. 
1884. Darwinism. Article in Eneyelopedvi Britonien, Anier. Reprint. 

Supplement, vol. ii, Oct. 18; 15,000 words. 
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is84. [.lobusou's Natural History.] Revisions ami Additions in 22 

jirticles. Total 45,000 words. 
H95. America before Columbus. Review of Nadaillac. The IHol^ 

Chicago, Feb.. 188ri. 
ISST). EvoUitiou. Article in McClintock and Strong's Cyclopedic, Mar., 

l?<8r). 9,000 words. 
1885. Anthropomorphism. MHlmUst Jieview, New York,. July, 1885, pp. 

510-35. 
1885. Why should a Clergyman Acquaint Himself with Science? 

Ilomiletir Monthly, Aug. 1885, pp. 100-111. 
1885. Provisional Analysis of Stromatoporoids. Pamphlet, 2 pp. 28 

Aug., 1885. 
1885. Meeting of the Amer. Assoc, at Ann Arbor. Amtr. Jour. Set. (iii.) 

XXX, 322 24, Oct., 1885. 
1885. Notes on some of the Geological Papers Presented at the meeting 

of the Amer. Assc , at Ann Arlwr. Amer. J&iir. Sci, (in), xxx, 

315-17. 
1885. Scheme of Undergraduate Geological Study. Pamphlet, 4 pp. 

Oct., 1885. Published by the University. 
1885. Sources of Trend and Crustal Surplusage in Mountain Structure. 

Amer. Jour, Sei. (iii), xxx, 417-20. Dec, 1885. 

1885. Ann Arbor water-works. A Christmas Inauguration. The Chron- 

iele, Ann Arbor. Dec, 1885. 
iaS(>. A walk under the Sea. Tremure Trore, New York. Feb., 1886. 

1886. Sources of Trend and Crustal Surplusage in Mountain Structure, 

Proc. Am. A)ii<oe. Adc. Set., 1885, pp 209-212. Feb. 11, 1886. 
1886. ^lodern Writings bearing on the Relation between Intelligence 

and Religion. Homilitic Herune, Jan., 1886. 
1886. Science and the State. The Forum, March, 1886, pp. 1-14. 
1886. Glacier Pressure in a new Light. The Argonaut, Ann Arbor, 13 

Marcli, 1886. 
1886. Glacier Pressure and Northern Submergence. The Argonaut. \ii 

April, 1886. 
1886. Geological Studies, or Elements of Geology. For High Schools, 

Colleges, Normal and other schools. 

Part I. (teology inductively presented. 

I*art II. Geology treated systematically, with 367 illu trations 

in the text. 12 mo. pp. xxv and 513. Chicago, S. C. Griggs <k 

Co. 1 July, 1886. 

1886. Walks and Talks in the Geological Field. 12 mo. 329 pp. New 

York, Ch/iutouqna PrettM, C. L. S. C. Department. 805 Broadway. 
I July, 1886. 

1887. ]{oport of Geological Observations made in Northeastern Minne- 

sota, during the snason of 1886; accompanied by a geological map 
and 57 structural illustrations. Published in the Fifteenth Ite- 
Itnrt of tht' Minor:*otn Geologieal Sureey. Aug., 1887, 
1887. lij'natius Donnelly's Comet. Publisbed in The Forum. Sept., 
1S87, vol. iv. 
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1887. Recent Scientific Discoveries of Special Interest to Clergymen. 

Ilomiletic Jieriew. New York, Sept., 1887. 
1887. Geology and the Bible. Published in "Frn* and F' (afterua'^d 

''Signal Lights'*), Detroit, 1887. 

1887. Man and Evolution. HomiUiie Beview. Dec, 1887. 

1888. The Unconformities of the Animikie In Minnesota. American 

Oe^dogist^ Jan., 1888. 

1888. Geology in the Educdtional Struggle for Existence. An editorial 
in the American Geologist, Jan., 18S8. 

1888. Circular letter (Jan., 1888) to the teachers in the secondary Schools 
of Michigan, inquiring as to the teaching of geology in those 
schools. 

1888. Some Effects of Pressure of a Continental Glacier. American 
Geologist, March, 1888. 

1888. Geology in the Schools of Michigan. Second circular letter to 
the teachers of Secondary Schools in the state. March, 1838. 

18S8. Speculative Consequences of Evolution. Univ. of Mich. Philo- 
sophical Papers, Second series. 

1888. The Rights of Intelligence under Paid Service. Editorial in the 
American Geologist, April, 1888. 

1888. The Taconic Question. American Get>logiHt, June, 1888, vol. 1, 
pp. 347-868. 

1888. Geology as a Means of Culture. American Geologist, July and 
August, 1888, pp. 44-51, and 100-114. 

1888. Circular of J committee of Organization of the American Geo- 
logical Society. August, 1888, (with J, J. Stevenson^ Sept., 1888. 
With provisional constitution and by-laws. 

1888. American (Geological Society. Second circular of the Organiz- 
ing Committee. Oct., 1888. 

1888. Geology and Culture. Read at the 26th Convention of the Uni- 
versity of the State of New York. Published by the Regents. 
Nov., 1888. 

1888. American Geological Society. Three circulars of the Committee 
oi Organization. 

1888. Reviews of recent literature. American Ge/dogist. Dec. 1888, p. 

428-432. 
1881). Reviews of recent Geological Literature. American Geohgist. 
Jan , 1889, pp. 48-50, 51, 53-55, 57-59. 
• 1889. The Geological Society of America. Editorial in the AmericAin 
Geologist, Jan , 1889. 

1889. Advantages of Scientific Education. MethodiHt Jicrinc, March, 

1889. 

1889. Report of a Geological Survey in Minnesota during the Season of 
1887; Embracing comparative observations on some other re- 
gions. Publisbed in the 16th Report of the Minnesota Survey, 
pp. 133-503. 

1889. Conglomerates enclosed in Gneissic Terranes. American Geolo- 
gist, March, 1889, pp. 154-105. 
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1880. Rejoinder to Dr. Lawson. Editorial in the AmerieAtn fUologigt, 

Marcii, 1889. 
1889. Reviews of Recent Literature. Amt'rifttn GtdogiHf, Marcli, 1889, 

pp. 197, 198, 199. 
1889. Two Systems Cmfounded in the Huronian. Aineriran Geohyint^ 

March, 1889, pp. 212-214. 
1889. Conglomerates Enclosed in Gneisslc Terranes. (Supplement.) 

American Gfologisty April, 1889. pp. 250-262. 
1880. Douglass Houghton [with portrait]. American Geologist^ Sept., 

1889, pp. 129-139. 
1880. Views on Prenebular Conditions. AHuriran G^'doyUt^ Oct., 

1889, pp. 196 205. 
1889. Constitution of the Geological Society of America (as finally 

adopted), Oct., 1889. Pamphlet. 
1880. The Scientific Estimate of Christianity. Monthly Bnlhtin, Ann 

Arbor, Nov., 1889, pp. 19-24. 
1889. Charles Whittlesey [with portrait]. Amrriran Gfohtgist, Nov., 1880, 

pp. 257-268. 
1880. Reviews of Recent Literature. Amt^nran GeofogtHf^ Nov., 1H80. 

pp. 303-30M. 
1880. Interesting Norwegian Geology. Amirican GeologUt^ Nov., 1880, 

pp. 314-320. 
1800. Some Results of Archiuan Studies. Bid. Geol, Sor, Atn,, vol., 1, 

pp. 357-394, April. 1800. 
1800. Winter Meeting of the Geological Soci»ty of America. Amervuin 

Geologist, Feb., 1800, pp. 117-122. 
1800. Organization of the Geological Society of America: Historical 

Sketc^h of the Organization. (Prepared in accordance with the re- 

(juest of the ('ouncil). BkL (Uol, Soe. Am.^ vol. 1, pp. 1-6, Feb., 1890. 
1800. The Geological Position of the Oglshke Conglomerate. Pror.. 

Am. Ah)*c. Adf^. .sv/., vol. xxxviii. (Abstract.) 
1800. The Wesleyan Guild at the University of Michigan, June 6, 1800, 

pamphlet. 
1800. A list of 09 Kodak photographs taken in the summer of 1890, on 

the excursion with the Rocky Mountain Club. 
1800. Recent Views about Glaciers. TJw Forum, Nov., 1800, pp. 306-315. 

1800. Recent Observations on some Canadian Rocks. Amerinm Oettfo- 

gut, De(!., 1800, pp. 360 370. 

1801. American Opinion on the Older Rocks. Published in the 18tJi 

Report of the Minnesota Grolttgical Surrey^ pp. 65-226. 
1801. A Last Word with the Huronian. Bui. Grot. Sor. Am., Vol. ii, pp. 
85-124, Feb. 5, 1801. 

[Note. Several minor paper** ami reportu known to have been prepared by him in 
18U0 and 1891, are not yet published, (»r at least have not been neen in print. He had 
alt<o recently done some work on a revision of the fotisilrf of the Marshall group for the 
U. S. Geolofijical Survey, being a continaation, with illustrations, of hin memoirs of 
1871. Tliere isalHO, in manuscript, a work nearly completexl, on Intellitjftu'^ and Ri'- 
llfjion, and a large nunilHjr of poems, esi-ays and lectures. The foregoing list embnicen 
nothing which was published in newspapers.) 
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IV. ins OTHER WORK NATURAL THEOLOGY, PHILOSOI'HV, EDl- 

TATION, ni8 POPULAR LECTURES, POETRY. 

It woukl seem as if early in his professional career Dr. Winchell 
laid down a scheme of philosophical i>ostulates and their conse- 
quences, making 38 in all, and that all his subsequent writings 
and stu<ly were directed to the amplification and enforcement of 
this series. All the fundamental ideas of his later works and 
the ratiocination of his maturer years, wiiether published or un- 
published, may be found in germinal condition in this early 
scheme. These logical steps were published in 1860, in the 
Michigan Jour udl of Education', '-The cycles of matter; or the 
permanence of the earth and the destiny of the race. ' In the 
pursuit of this great theme he expanded the realm of geology 
over the entire history of the earth and its inhabitants, and over 
its associated worlds. When the inductive method failed him for 
lack of facts of observation he called to his aid imagination 
guided b}^ logical relations. When he encountered num and ani- 
mate nature, as parts of this cosmos, he sought to adjust them 
to each other and to their origin and destiny in the light of what 
knowledge he ha<l, and when the light was faint he strove to in- 
crease it by reasonable speculation. Among iiis first writings of 
this kind was a series of articles on "Christian Theolojjv illus- 
trated from Nature," published in the N'orthivcatcrn Christian 
Advocate^ at Chicago. He was sensible that in these articles, 
which added mucii to the Butlerian method of 'Analogy,' there 
was still lacking an essential link, in that the validity of the cos- 
mological argument was assume<1 rather than proven: he then en- 
gaged on an undertaking which he prosecute<l with such diligence 
as his other duties would permit, till the last year of his life — an 
attempt to estal)lish tiie validit}' of the "argument from design," 
resulting in a work that he entitled "Intellect and Religion.' to 
which he frecjuently refei*s as iiis "belated work,'' his work "many 
times l)egun. ■ It went through varied evolution in form of 
argument and in its general title, having been begun as "The 
(leoiogic Ages," revived as "A system of Natural Theology ' 
and left witii the above title. The work remains unpublished. 

The burden of his educational labor lav in the direction of a 
widening of the avenues of natural science, and its introduction 
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into stH-oiuhiry schools. He insiste<! that the young stiuliMit is 
more ol>serving than rerieotive or analytic: that the etlucation of 
the mind should be by an ap|>eal to its most accessible ant! most 
|)owerful impulses, and that the influence of science* on the human 
mind, especially in its formative stage, is more healthful to a 
normal growth, and more con<lucive to moral rt»ctitude and moi*e 
stimuhitinir toward a risrht ambition than anv other field of 
knowledge. He considered it a great mistake to fill the mind of 
the student with the cjuirks of an extinct syntax, and to ''edu- 
cate* him by familiarizing him with the questionable doings of 
the mythical gods and goddesses of the ancients. He believed 
that there is as much mental and ethical cultun> to be derived 
from the study of natural science, when pursued with iHiual 
thoroughness and exactness, as from the studv of Greek or Latin 
literature or of mathenmtics. 

His greatest achievements in education, however, were won in 
his own class-room. He was a living example of what he urged 
upon his i)upils. In his lectures he was aglow with enthusiasm, 
but it was an enthusiasm that was deep-seated, and a glow that was 
steiulv and strong rather than hot and fiashv. No earnest student 
could carry forward the course of study allotted to his depart- 
ment without receiving a conviction of the vastness as well as of 
the beneficent role of giM)logy in human knowledge, and a pix)- 
found sense of the grandeur of the thoughts which it inspires. 
He labored diligently and long in the University of Michigan, 
and he erected a durable monument in the hearts of his students, 
many of whom have testified reverently to the high ideals which 
his teaching inspired. 

Alony: with his class-room work he conducted svstematicallv 
some laboratory investigations, and in these, whether in paleon- 
tology or in lithology. he always had the presence an<l the atten- 
tive interest of some more advanced students. Owing, however, 
to rather adverse surroundings he was never able to (H[uip a lalx)- 
ratory that was commensurate with the needs of his department, 
nor in harmony with his ideas of the imt)ortance of geology in 
the college curriculum. 

His largest educational field, however, was the public platform. 
Here he was under no constraint bv reason of vouthful au<iitors. 

%' ft 

No limits were set to his rhapsodic scientific eloipience. No 
courteous regard for the amenities of possible professorial eti- 
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(mette hampered the free flow of his criticism, or the exultant 
prophesy of the ))etterments of the future. All the fields of all 
knowledge were open before him. He could cull from them what 
suited his theme or his purpose. His soul rose within him as it 
expanded to embrace and express the grandeur of his thought, 
or to enforce the steps of his argument. His style was deliberate, 
logical or argumentative, full of comparison and illustration, sel- 
dom impassioned, graceful in delivery, rhetorical, oratorical. He 
was not a ([uick, impromptu speaker. His lectures had all been 
thought out, as to general trend, beforehand, but the particular 
phraseology, and the adapted illustration were the product of the 
moment. His sjiiccess as a public lecturer was due to the com- 
pleteness of his knowledge of his themes, the freshness and 
originality of his conceptions arid the graceful rhetoric with 
which he spoke. 

He was also a poet, "very much of a iK)et,'' as stated by Prof. 
Harrington.* There is a tinge of |K)etic sentiment apparent in 
much of his scientific writing. Poetic comparisons, allusions, 
quotations, either directly metric or in prosaic form, are scattered 
through the more staid discourse, in such a manner that their 
author is revealed as one having a lively poetic sense and a com- 
mand of the best expression. Had he chosen to clothe his scien- 
tific outreachings into undemonstrated science in measure, he would 
have given to the English language much of the high cosniical 
poetry which G(ethe gave to the (rerman. Most of his metric 
comiK)8itions, however, were confined to topics of pei*sonal and 
domestic nature, and some of them are particularly apt and 
touching. The following is from his poem delivered 15 July. 1S72, 
on the twentv-fifth anniversarv of his class, at Middletown. Ct. 

Oh, there is a life, within our life concealed- - 
The scene of conflicts to no eve revealed — 
A shoreless depth, heaved in a starless night- 
Its billows swelling in resistless might- - 
And in the compass of its throes we see 
The conscious proofs of Immortality. 

Nothing could exceed the beauty of his short poem • -To my 
dear ones in Heaven,' quoted by Prof. Harrington. 

In short, by his intimate knowledge of the higher relations of 
science to the good of man, and his sympathy with his ii<»t>Ier 

♦Universitv memorial address, p. 24. 



aspiratiouH, Dr. Winchell's life and work stand to the young geolo- 
gist as a uionnment to the altruistic and humane side of science, 
a field too often forgotten by investigators in the pursuit of ab- 
stract knowleilge. His life and all his struggles were for the ele- 
vation of his profession, and the extension of its acceptance by 
humanity, upon whose supix>rt its progress depends. 



V. rONCLUSION. 

By the death of the senior member of the editorial l)oanl of 
the American Geologist, the science for whose furtherance the 
magazine was instituted and has been maintained, lost one of its 
most earnest and successful students and teachers. Alexander 
Winehell was well known on both hemispheres as a philosophical 
geologist of no mean rank, a member of that company — always 
small in comparison with the main body — who do not limit their 
energies to one narrow field, but delight to range over the whole 
of their favorite science. No student now-a-days can be an * 'Ad- 
mirable Crichton,'' master of the whole of human leaniing. In 
early times such marvels were possible. Nature was nearly un- 
known, and the earnest worker, favored with leisure, money and 
brains, could traverse the entire fiehi and gather the crop which 
others had raised. 

But with the rapid outward advance of the boundary line of the 
known and the correspondingly rapid increase in the number of 
the laborers, the task of even haslily running over so vast an area 
l)ecame too great for all save the few colossal intellects that the 
human race occasionally brought forth, and who tower alK)ve the 
heads of their fellows as intellectual giants. Kven these few 
grow fewer with the piissing years, and ere long it will tax or 
transcend the highest powers of nature to produce such prodigies 
— not that nature is failing, but that life is too short and faculty 
to<:> weak to recollect or systematize the mighty mass of detail. 
Hence the rapidly increasing specialization of the present day. 

The limitations of power, time and means imposed on most 
students confine their lalx)r within narrow areas, that can be kept 
well within their mental purview. B}" the multitude of such 
workers is the careful cultivation of the whole field secure<l. 
Hence the great and increasing value of the few gifted by nature 
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with the larger or more powerful brains who if aicle<i by time and 
means, or sometimes without them, can take a wider range and. 
entering into the hibors of other men, can gather their results and 
combine them into one harmonious whole. 

These two orders of mind are totally ditferent. The former is 
cuml>ered with details. The latter is often accused, but wrongly, 
of despising them. So far is this fn)m the truth that such minds 
are usually the most perfect masters of details. So perfect is 
this mastery that they never lose their way among them. As one 
traveling by compjiss may seem careless of local waymarks while 
following the higher guide, so minds of this order appear to go 
straight to their desired end jus though led by a supernatural faculty 
that is perhaps incomprehensible by their fellows. 

Without claiming for Alexander Winchell the highest jx)sition 
among these leaders of thought we think that every fair- judging 
scientist will at once allow that he deserves and will hold one of 
no mean rank. Himself a working geologist in the field, he was 
well acquainted with geological methods — a teaching geologist in 
the university', he was skilful in imparting his own knowledge, 
and in training others to habits of observation and investigation — 
a speculative geologist in the study, he boldly followed out the 
logical deductions from his premises to their uttermost attainable 
limits. 

To those who knew him personally all this is perfectly familiar. 
Those who knew him only through his writings must be almost 
ecpially conscious of it. Few who have attende<l his lectures in 
the class-room or elsc^where can fail to testify that he possessed 
the rare and valuable ability of rousing interest and not unfre- 
(juently enthusiasm in his students. None can read his World 
Life without realizing that scientific imagination of a high order 
impelled the pen that wrote under the control of the strictest logic. 

Mr. Hopkins, one of the few mathematical geologists of the 
first half of the present century, used to complain that mathema- 
ticians did not read his g(K)logical papei*s, and that geologists did 
not read his mathematical ones. The complaint was well founded, 
and if now made bv another of the same school would be but 
slightly less true. Few geologists are competent for the latter 
task, and few mathematicians for the former. Various causes, 
many of them inevitable and natural, are responsible for this re- 
sult, liut the remark of Robert Mallett is not an exaggeration of 
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the truth thiit **to make sound progress all who profess to Ik» 
geologists must first l)eeome nijitheinaticuins, physicists and chem- 
ists. " 

In this respect Alexander Winchell was an exception to the 
rule. Without claiming rank as an eminent mathematician, a 
standing which few working geologists can ever attain, he fully 
appreciated the immense advantages which his favorite science 
might obtain from the labors of her sister, and not a little of the 
fascination that attracted and held his hearers mav have been due 
to this willingness and ability to follow the mathematician in his 
reasonings, and even in his speculations on the past and the future 
of the earth. 

Among the works that came from the pen of our lamented col- 
league no one in our opinion will take and hold a higher place 
than ''World Life. " In making this remark we do not intend 
to imply any comparison to the disadvantage of his other writings. 
These are and will long be of immense value, especially in awak- 
ening an interest in the study of geology among those who have 
not previously directed any attention thereto. But others have 
written, and written well in the same wav, and with the same re- 
suit. We are not however aware of anv systematic work in the 
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English language that covers the field chosen by Alexander Win- 
chell in his ^^Worhl Life. '' Largely drawn, as he himself is the 
first to acknowledge, from the writings of others too numerous to 
name, the data and the deductions are here thrown into a con- 
nected whole, .so far as is yet possible, and with these scatteretl 
fragments of material the author has succeeded in laying the 
foundations of u new science — one in which the geologist no longer 
limits his attention to the earth, his home, but grasping as a cen- 
tral and cardinal principle the consanguinity of the universe, rises 
from terrestrial details to cosmical generalizations, and enlisting 
in his service the a.stronomer, the chemist, the physicist and the 
mathematician, deduces from their data the conclusions to which, 
given time an<l the contiiuiance of natures present order, they 
must inevitably lead. For these reasons we regard the work as 
the authors nuister-piece, and in spite of all its defects and errors 
which the future must supply or correct, we look on it as a monu- 
ment which will long testify to the high mental (pialities and wide 
intellectual grasp of the man and the geologist. 



146 The Amt^nrnn Gf^oJoylat. FouVnary, 189? 

To the publication of ** World Life" maj* be ascribed tbe intro- 
duction to the reading world of the new science of comparative 
geology or planetolog3^ The domain which Alexander AVinchell 
then entered had never Ijefore l)een trodden bv human foot, save 
where here and there one and another had stepped across its line 
and had left his few footprints on the surface of the untraveled 
wilderness. Carefully mapping all these scattere<i and <livergent 
tracks, he delimited the known, and starting from this base, he- 
carrieti as by an initial triangulation, his original and indepiMident in- 
vestigations into the unknown beyond. Or, changing the figuiv,. 
the known laws of physics furnished a sure and safe basis of 
reasoning, and combined with the observations of the astrono- 
mer, enabled him to venture off the firm ground of sense into- 
that region of speculation — not of fancy — that was 

Neither sea, nor good dry laud, a dark 

Illimitable ocenD, without bound, 

Without diinensioD. where length, breadth and hight, 

And time and place are lost: 

The realm of Chaos and Old Night. 

In this chaotic region he has laid the foundations of a new em- 
pire — a new science — a science that shall one day read to us the 
history of the planets and the stars — the science of astro -geology, 
as he himself has happily termed it. 

The conceptions which •* World Life" brings before the reader 
are such as beggar the loftiest and wildest fictions of eastern or 
western fancy, and forcibly illustrate the beautiful words of 
Playfair that "Reason can sometimes go where imagination dares 
not foll'ow." 

Dealing with nnisses immeasurable, with jeons incalculable and 
with conditions of temperature, pressure, etc., totally incompre- 
hensible, he pictures before his readers the beginnings of being.. 
the universe in its birth, and depicts the evolution of the various 
spheres through their perio<ls of incandescent youth and cool ma- 
turity, to their ultimate extinction in cold and darkness — a des- 
tiny inevitable to worlds that move. Schiller sings, in his "(Jods 
of Greece:" 

Sure as the peDdulum's dead bi»at, 
Mere slaves to uravitv and heat. 

The thenu' was a congenial one. and the author revelled auionir. 
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the scenes which his pen was portraying, indulging to the full that 
highest of all the faculties, a scientific imagination, whose exist- 
ence and activity were indicated by the dreamy, far-oflf look not 
infrequently to be seen in his eyes. The feelings that the subject 
stirred within him may be seen in the following passage: — 

• ' The firmament is careering in Infinite space. Our homes are 
rolled along at seven hundred miles an hour, and are transported 
sixty-eight thousand miles in a day by the revolution of the earth 
in her orbit. The sun with his entire family is sweeping through 
immensity with a possible velocity of two hundred thousand 
miles an hour. And there must be some common motion of the 
whole inextricable maze of moving stars with a velocity to which 
fancy may assign what rate she pleases without restraint from 
science. This might}' waltz of cosmic dancers is joined by the 
gauz}' nebulae, animated as our own firmament by their own inter- 
nal motions. In the midst of this universe of seething move- 
ments is our appointed home. The mind uplifted in the effort to 
contt'mplate them and grasp their method grows giddy and impo- 
tent. How sublime these activities. To what a numerous and 
lofty companionship does our little planet belong. Hard it seems 
to be imprisoned here while the realm of a universe tempts us to 
its exploration. How can human souls content themselves to 
roll and whirl through space during their mortal days and eat and 
sleep and trifle, like rats in a ship at sea, without wondering 
where we are and whither we are bound."* 

It will scarcely surpri.se any one to learn that a man so much 
in advance of his time, whose conceptions of nature were so far 
ahead of those that then prevailed and to a less degree prevail 
still, should become the victim of suspicion and i)ersecution. 
This "deadly original sin of the Reformed Churches, ' as Hallam 
has termed it, has not yet been reformed out of existence. It 
lingers .still, and sometimes manifests in one wav or another all 
its old strength and bitterness, as many of the leaders of science 
can from their own experience testify. Those who venture to 
doubt what the majority believe, or to believe what the majority 
doubt, must prepare themselves to stand almost alone — the posi- 
tion of the advanced guard everywhere and always. They must 
find what comfort they can in the thought that in the long run the 
majority are usually wrong, and that the right is always at first 

♦Slightly condensed from "World Life." 
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with .the minority. True that human life is often too short to 
take in the long run, but in the present ease we rejoice to know 
that our brother geologist lived to sec much of his work accepted. 
and to realize that the unthinking many are coming on rapi(ily to 
acknowledge the rightness, or at all events tlie rights of the far- 
seeing few. 

We need not repeat here the details. Such animosities are bet- 
ter buried in the liml)o of oblivion as soon as possible, but all 
who have followed or are familiar with the life of Alexander 
Winchell, will recall, by the references already given to his per- 
sonal life, the events to which we refer. We conclude with a re- 
newed expression of our regret that by his death American geol- 
ogy has lost one of her foremost students and exponents, and 
that philosophical geology, the world over, has lost one of the 
few who combine the various faculties and attainments recjuisite 
for the successful prosecution of this exalted study. 
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JOHN FRANCIS WILLIAMS.* 

By J. F. Kemp« Columbia College. New York. 

The name of Dr. John Francis Williams will always l)e asso- 
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ciated in American geology with those of Newton, Irving and 
Lewis. His life, like their lives, was one of brilliant achieve- 
ment, of great futnre promise and of sad nntimely termination. 
Although his accomplished results were great, yet coming as they 
did, early in life, his friends could but regard them as indicative 
of the future, and there is thus together with grief for his loss, 
the regret that so many possibilities are nullified. 

Dr. Williams was born October 25, 1802, at Salem, the county 
seat of Washington Co., N. Y., situated about forty miles north- 
cast of Troy. He was the oiUy son of John Martin and Frances 
A. (Shriver) Williams, who with his one sister survive him. His 
boyhood was passed at the beautiful family home, until at twelve 
years he was placed in St. Pauls School, Concord, N. H. Leav- 
ing this in 1880 he entered the Rensselaer Polytechnic Institute 
at Troy. He completed the studies of the course in Civil Engi- 
neering, and graduated in 1883, with the degree of C. E. Like 
many geologists he began thus his scientific work in the engineer- 
ing school, but found his tastes inclining irresistibly to pure as 
contrasted with applied science. During August, 1888, he was 
assistant engineer for the Albany, Rutland and Granville R. R.. 

♦This memorial was originally prepared for the GeoIvOoist, but at the 
request of the secretary of the Geological Society of America, it was 
read at the Columbus meeting, December 29, 1891. 
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but in the fall following he became assistant in chemistry and 
natural science at his alma mater. He was brought especially 
under the influence of his teacher and warm personal friend, 
Prof. Henry B. Nason, whose influence was largely instrumental 
in shaping his subsequent career. During this period he made 
the tests of slates from the region about his home, whose pub- 
lished results are subsequently cited. In 1885 the Polytechnic 
Institute conferred on him the additional degree of B. S. 

During the summer of 1884, he traveled in northern Europe, 
visiting the North Cape and the mines of Sweden and Norway. 
In the autumn, acting on the advice of professor Nason he matri- 
culated at the university of Gt^ttingen, and became one in a long 
and honorable list of American scientific men who have received 
their preparation at this famous seat of learning. While at 
Gottingen his work lay especially in mineralogy and petrography 
under the guidance of professor Carl Klein, now of Berlin, and 
in chemistry under professor Victor Meyer. 

In the spring of 1885 he traveled through Italy and Sicily with 
professor Klein, and later was assigned the subject of his thesis 
in one of the extinct volcanoes of the former land. Through 
professor Klein, Dr. Williams came to know personally professor 
Rosenbusch of Heidelberg, to whose kind advice he was after- 
wards indebted in his American work. During the Italian trip 
referred to above, professor Klein had been given some specimens 
of igneous rock from Monte Amiata, an extinct volcanic pile that 
rises near the classic lake Trasimenus and forms the highest peak 
in Tuscany. They proved of such interest that they were en- 
trusted to Dr. Williams, as suggestive for his thesis. With char- 
acteristic energy and thoroughness he proceeded to the region in 
1885, and accompanied by a Swiss helper and a local Italian 
guide, he spent several weeks on the mountain, either camping or 
lodging in the little country inns. After his return to GOttingen 
he anticipated taking his doctorate in the summer of 1886, but 
the sudden call of professor Klein to Berlin, necessitated holding 
the examinations in the spring. He received his degree magma 
cum hiude. His thesis was afterward published in the Neues 
Jahrhurh, and gained great praise in America as well as abroad. 
The paper is accompanied by four partial and twenty -two com- 
plete analyses of rocks, and by an elaborate map and three pano- 
ramic views. Its si)ecial interest lies in this. It traces the differ- 
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enees in rock types throughout oue great, single, eruptive mass, 
which is shown in its central part to be a trachyte containing 
hypersthene and labradorite. but which passes toward the lx)rder8, 
at times into liparite, at times into andesite. 

Professor Klein desired Williams to go to Berlin, become his 
assistant, and continue his career in Germany. For a time in 
1 S8() the offer wjus accepted, but finally Dr. Williams returned to 
his home, and in 1887 became director of the technical museum 
of the Pratt institute in Brooklyn. The duties consisted in arrang- 
ing and caring for very excellent collections of minerals and rocks, 
but the desire for wider opportunities for scientific investigation 
led him in 1889 to become honorary' fellow at Clark University, 
Worcester. While in this relation he received overtures from 
professor J. C. Branner, director of the geological survey of Ark- 
ansas to describe the igneous rocks of the state. Dr. Williams 
secured leave of absence from Clark and entered on his Arkansas 
work as a volunteer, without salar}', in October, 1881). In the 
summer of 1800 he was made honorary docent at Clark. This 
title, like his previous one, carried no salary with it, and merely 
afforded him a work room and headc^uarters, w^hich, however, were 
s(K)n transferred to Little Rock. Evidently his relations with the 
University were not regarded jis anything very serious, for no 
mention of them appears in his final report. 

Dr. Williams found a wealth of interesting material in Ark- 
ansius, and as the result of his collecting he published in 1890 
the papers on Manganopectolite and Eudialyte cited below. In 
the fall of 1890 he returned to Arkansas and completed his work, 
remaining, with one or two trips east, until the summer of 1891. 
He had meantime accumulated the materials for his final and 
greatest work. Volume IT. of the Annual Report of the Geologi- 
cal survey for 1800, and entitled the Igneous Rocks of Arkansas. 
The volume, which wa,s distributed in December, contains 432 
pages. :>01 of which are by Dr. Williams alone. They give an 
accurate* and exhaustive petrographic description of the syenites, 
elaeolite-syenites. leucite-syenites. the variations of all three, and 
describes the basic dikes which pierce them. Perhaps the great- 
est interest lies in the identification of leucite in these rocks, and 
in establishing Cretaceous leucite-syenites jis a new variety, espec- 
iallv as leucite has hitherto been considered to be limited to the 
later volcanic rocks. The reix)rt is accompanied by beautifully 
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executed toix)graphic maps and by many illustrationH. Much of 
its success was made |K)ssible by the cordial support given Dr. 
"Williams by professor Branner, but it bears on every page the 
marks of tireless and painstaking scholarship. Professor Branner 
l>ears witness in the preface to the enthusiasm and energy with 
which Dr. Williams carried it through, and the writer of this 
memorial, who was also associated in some minor portions of the 
Avork, can truthfulh* testify to the consuming interest which ani- 
mated him. Dr. Williams had been appointed assistant geologist 
on the survey in 1801, and in this capacity his name appears in 
the report. In 1801, in connection with Dr. U. N. Brackett. he 
carried on investigations in certain minemls of the kaolin group, 
which appeared in the Amer. Jour, of Science in July last. 

In June, 1801, the i)osition of assistant professor of geology 
and minerology became vacant at Cornell I7niversity, and Dr. 
Williams received the call. Tie accepted, and after making the 
western excursion of the (Jeological Congress, attempted to take 
up his duties. But weakness and disease were already laying a 
heavy grasj) on him. A severt* attack of the so-called grip in 
March last had sapped his strength, and ill-advised methods of 
work had aggravated its results. Dr. Williams worked well but 
not wisely, and i)rotracted his lalnjrs till two and three in the 
morning — such halnts are specially injurious in the climate of 
Arkansas — and at last reduce<l him to the sha<low of himself. 
The tax upon him was too .severe and his constitution finally gave 
way. Paralysis attacked him and after an illness of about two 
weeks he passed away on the 0th of November, being just 
twenty- nine years of age. 

Jt has never been the lot of the wriU^r to know intimately a more 
generous, frank and loveable man than J. Francis Williams, and it 
is impossible to speak of him without feeling the deepest emotion. 
His character was such as to indescribably endear him to his 
friends and his abilities and preparation for his work were of the 
highest order. His results were such as to secure for him in 
all the future one of the most honorable places in the records of 
Amercan geological science. 

LIST OF PUINTED eAPKRS OF I>U. J. FRANCIS WILLIAMS. 

Tests of Kutland and Washington Co. Slates. Von NoHtramVs End. 
Ma(/., No. cLxxxviii, 1884, pp. 101-103. 

Ueber den Monte Ainiata in Toscana und seine Gesteine. i\'/ '/< * 
Jnhrhnrh, Beilago Band v. pp. 881-450, and Taf. xiii-xvi, 1887. 
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MangaQopektolith, eln neues Pektolithahnliclies Mineral, von Magnet 
Cove, Arkansas. Zeitnchrift far Krj/Btallographu; xviir, 386. 1890. 

Eudialyte and Eucolite from Magnet Cove, Arkansas. Amer. Jour, 
Set. HI, XL. pp. 457-462. Dec, 1890. 

Tests of some Arkansas syenites. Railroad and Enf/in^ering Journal, 
Vol. Lxv, 1891. p. 13. 

H. N. Brackett and J. Francis Williams, Newtonite and Rectorite. 
Two new minerals of tlie Kaollnite Group. Amer, Jour, Set. iii. xlii. 
pp. 11-21. July, 1891. 

Annual Report Geological Survey of Arkansas, 1890. Vol. ii. The 
lirneons Rooks of Arkansas, pp. 457 and maps. 1891. 



THE PRE-CRETACEOUS AGE OF THE METAMOR- 
PHIC ROCKS OF THE CALIFORNIA COAST 

RANGES. 

By Haium.u \V. Faikkanks, B. S., of Sam Die^o, Cul. 

While eiigiigod upon tbo State Geological Survey, during the 
piist summer. T wtis called on to make an examination of Shasta 
and Trinity counties. At the close of this work, the main range 
of the coast mountains was followed soutliward through Tehama, 
Colusa, Lake and Napa counties, nearly to Martinez. 

The results obtained, wdiile of a most interesting nature, differ 
so radically from those of former investigators in this field, that 
though I am satisfied that they are, in the main, correct, yet I 
feel some dittidence in projwsing them on account of the op|x>site 
views held b^' so many well know^n geologist.s. 

If mv views are correct it seems verv remarkable that such 
serious mistiikes should have l)een entertained with reganl to the 
Coast Range geology, not only by the former state survey, but 
also by most of the other students in this field up to the present 
time; and it is apparent that, from the earliest beginnings of 
geological work in this state, the relation between the metamor- 
phosed and unmetiimorphosed rocks of the ranges near the coast, 
from San Diego to Del Norte counties, has been entirely misun- 
derstood. 

The views which I hold, based almost entirely upon field study 
in the region in (question, and which 1 can substantiate by actual 
occurrences, an» the foUowing: 

1. The impo.Hsibilit}', from a physical standpoint, of drawing 
the line between the Coast Ranges and the Sierra Nevada. 
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2. The metiimorphic rooks of the Coast Ranges are pre-Cre- 
taceous. 

3. The Coast Ranges and Sierras are a unit as regards time of 
the main upheaval and metamorphism. 

4. The upheaval and metamorphism of the Coast Ranges as well 
as Sierras is pre-Cretaceous,and consequently the slates of the 
gold l>elt cannot l>e considered Cretaceous. 

5. The presence of pre-Cretaceous eruptives in the metamor- 
phics of the Coast Ranges. 

<). The serpentine is an altered eruptive and post-Neocoraian 
(Knoxville). 

7. No great non -conformity exists between the Knoxville and 
Chico beds. 

The Coast Range system of mountains consists of a series of 
parallel ranges having an average width of seventy miles and a 
length of over four hundred. These extend parallel to the Sierra 
Nevadas and arc separated from * them by the Sacramento and 
San Joaquin valleys. At the opposite ends of thei*e valleys 
the two systems of ranges unite, in Shasta county on the north 
and in Keni county on the south. 

The Sierras consist in general terms, of a core of granite 
flanked, particularly on the west, by a great width of metamor- 
phic rocks, consisting of slate and crystalline schists. Granite 
occurs also through the Coast Ranges, but usually in small areas, 
not arranged along one regular line of upheaval. The metamorphic 
rocks of the Coast Ranges, though including a large amount of 
slate, mica, and hornblende schists, are distinguished particularly 
by a silicious character. Sandstone, jasper, green quartzose 
schist, and banded flinty rocks are abundant, and are character- 
ized, over large areius, by a wavy structure in the thin bedded 
varieties, and a secondarv siliciflcation in which the rock has l>een 
filled with a netw^ork of minute quartz veins. 

Unmetamorphosed strata of undoubted Cretaceous and Ter- 
tiary ages, occur on the flanks of the metamorphic rocks, becom- 
ing particularly prominent through the middle Coast Ranges. 

Tt was my puipose to determine, if possible, from a lithological 
and stratigraphical standpoint, the relation of the metamorphic 
rocks of Shasta county (the age of a portion of which was 
known, and believed to represent the northern extension of the 
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Sierra NevadaH) to the raetaiiiorphie rocks of the Coast Ranges of 
uncertain age, but suspected to be older than Neocomian. 

To facilitate a thorough understanding of the subject it is 
necessary to ([uote briefly from the published views of the earlier 
workers in California geology, what has been understood by the 
term **Coast Ranges,'' ani^ the difliculty in drawing a line be- 
tween these ranges and^-the Sierra Xevadas. Prof. Whitney says: 
' * We consider all those chains or ranges of mountains to belong 
to the Coast Range, which have been uplifted since the deposition 
of the Cretaceous formation; those, on the other hand, which 
were elevated before the epoch of the Cretaceous are conceived as 
belonging to the Sierra Nevada/'* Prof. Whitney's views in 
Auriferous frravels, published a number of years after the termi- 
nation of the old Geological Survey, only make more emphatic his 
earlier declarations. He says: ^'The most striking fact with re- 
gard to the Coast Ranges is, that this very extensive group of 
mountain chains is of comparatively ver}' recent geological age. 
It is made up of CretaciHJUs and Tertiary strata with no rocks 
older than these showing themselves in any portion of the com- 
plicated series of elevations which are properly included under 
the alK)ve designation, "t Again we find the following: * 'North 
of parallel thirty-nine, as far as the Klamath river, there is much 
monotony in the structure of the Coast Ranges. The rocks are 
iilmost exclusivelv Cretaceous and often verv much metamor- 
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phosed ; jasper, serpentine, and even mica slate occurring in large 
<iuantities, and in the most irregular manner. ''J To show the 
impossibility of drawing the line between the Sierras and Coast 
Ranges on structunil grounds, the following will answer: '-The 
lower part of the Trinity and Klamath rivers seems to form the 
l)oundary between the Coast Ranges proper and that i)ortion of 
the coast mountains which appear to l)elong lithologically to the 
Sierras. * * To an observer on any one of these peaks (gran- 
ite mountains in western Shasta county), and commanding a wide 
view over the region, there seems to be no physical break l>etween 
the Coast Ranges and the Sierra. Scotts, the Klamath and 
Siskiyou ranges of mountains seem to represent the summit con- 
tinuation of the Sierni proper, and the Trinity mountains run into 
these from the south and from the Coast Ranges proi)er, without 

♦Geological Survey of Cal. Vol. I, p. 1G7. 
tAuriferous (travels, p. VS, JAuriferous Gnivols, p. 2IJ. 
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its being possible at arty one point to say, here the Coast Ranges 
end and the Sierras begin."* 

Dr. G. F. Becker, of the U. S. (Teological Survey, follows 
Prof. WIiitne>' in chissifying the metaniorphic rocks of the Coast 
Ranges as Cretaceous. In his monograph on the Quicksilver 
Deposits are many statements to this effect. The only exception 
he makes is that of the Gavilan range, t In addition he does not 
deny that older rocks may exist in other parts of the Coast 
Range, and have undergone a second metamorphism at the time of 
the upheaval of the Cretaceous, t Again he sa^'s, **No fossils 
ohler than the Knox vi He group are known to occur in the Coast 
Ranges, and no known fjict suggests the existence of older rocks, 
except the character of the limestone and gneissoid rocks of the 
Gavilan range.*'? In the summar}^ he says, <^\tthe close of the 
Neocomian an upheaval took place with extraordinary' violence, 
folding and crushing the rocks, and producing the first ranges 
along the coast of California of which any record remains. ' 

As a result of his study in the Lassen's Peak district, J. S. 
Diller would place the dividing line between the Coast Ranges 
and Sierras in a depression of the Auriferous series, between Pitt 
river and the North Fork of Feather river. || 

Many other geologists of prominence have undertaken investi- 
gations in the ( 'Oast Ranges, but there seems to have l)een no pro- 
test made against the generally accepted classification of the 

metamorphic rocks. 

No attempts to get at the true position of these rocks from 

their stratigraphical relation seems to have been made, though 
the merging of the Coast Ranges into the Sierras at both ends 
gives the best opportunity for such an investigation. 

No fossils have been found in rocks which 1 recognize as be- 
longing to the metamorphic series. An Inoceramus found in the 
sandstones on Alcatraz island was claimed by Prof. Whitney as 
certain proof of the ('retaceous age of the metamorphic rocks 
forming the San Francisco peninsula, on account of lithological 
similarity. This T considt^* no proof as I have seen the pre- 
Cretaceous rocks in several localities exhibiting so little meta- 

♦Auriferous Gravels, p. *^4. 
tGeology of the Quicksilver Deposits, p. 181. 
JGeology of tlie Quicksilver Deposits, p. 187. 
gGeology of the Quicksilver Deposits, p. 180. 
Geology of Lassen's Peak District. 
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inorpliism, that, aside from their stratigraphical relation it would 
^K' ^ihuost imjx)ssible to separate them from the (.^retiiceous. 

A series of statements which ma}* seem to carry weiglit are 
summed up l)y Dr. Becker.* These are based on the occurrence 
of the fossil Aucella which at present seems to Ikj considere<l 
indicative of the lower Cretaceous. It is distributed quite geu- 
•erally through the shale and calcareous stratii which are seldom 
metamorphosed to any degree. The occurrences mentioned by 
Mr. Becker as observed by himself and his assistants, and also 
by Mr. Gobb, are, as far as my observation has gone, invariably 
•confintnl to what T consider, from a stratigraphical standpoint 
alone, as belonging to the Cretaceous, to say nothing of the 
lithological characters of the two formations: characters which 
-are constant over great areas and widely distinct from each other. 
Besides this there is an abrupt transition from unaltered shale to 
the metamorphics. Prof. Whitney noticed this in many places. 
•On the theory of regional metamorphism, is it likely or even 
jwissible that such a sharply defined line could exist if lK)th were 
<*oncerned in the same upheaval and consequent metamorphism? 
It seems to me that we can come to no other conclusion but that 
the Cretaceous age assigned to the metamorphic rocks of the 
•Coast Ranges is merely assunuKl and not proved. The finding of 
Aucella in the unaltered shales near the metamorphics is no proof 
■of the Cretaceous age of the latter. 

My work in Shasta county developed the fact that in a<ldition 
to the fossiliferous limestone of Carl)oniferous age first reported 
by Dr. Trask and those described lately by J. S. Diller, there are 
several others rich in fossils. The most interesting discovery, 
however, was that of the existence of fossils in three different 
localities in the Auriferous series and on l)Oth sides of the lime- 
stone areas. These occur in slatv rocks conformable with the lime- 
intones and in part (^arl)oniferous. No non-conformity l)etween 
any of the metamorphic rocks was observed in the county, and T 
see no reason for doubting that the upheaval of all the metn- 
moq)hic rocks took place at the same time. At the time of this 
upheaval an extrusion of granite took place along the line 1k» 
iween Trinity and Shasta counties, forming the Trinity mountains. 
That this granite is more recent than the Auriferous series is 
proved conclusively not only by the metamorphism induced in the 

♦Bull. U. S. Geological Survey, No. xix, p. 9. 
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adjoining shitCH, but also by the complex sericH of granitic por- 
phyry dikes extending into them often for several miles. 

In the southwestern part of Shasta county at Horsetown and on 
the Cottonwood creek occur the most northerl}' outcrops of the 
Horsetown beds, the upper division of the Shasta group. The 
lower division of this group, the Knoxville, or Neocomian, is- 
that which has been confounded with the metamorphics. The 
Horsetown beds are totally unaltered and but slightl}* disturbed, 
dipping eastward from ir)°-J$5°. They rest unconformably on. 
granite and the metamorphic rocks. 

The granite mass of the Trinity mountains terminates abruptly 
on the south, being cut off by a l)ody of massive serpentine 
which forms the summit of Bully Choop; one of the highest 
peaks of the Coast Range. Directly south of the seri)entiney 
along the crest of the range, we encounter green talcose and 
chloritic schists in which the silicification, characteristic of the 
Coast Range metamorphics, is well developed. The schists are- 
somewhat cnimpled with the appearance of minute veins and! 
bunches of quartz which follow the cleavage planes in an irregu- 
lar manner. These rocks are penetrated for several miles by 
porphyritic dikes, evidently offshoots of the granite* on the 
north. This is positive proof that their period of upheaval' 
dates back to the extrusion of the gninite. These schists 
•extend southwest along the summit into Tehama county. 
To the west and north in Trinitv countv there is a repetition of 
rocks somewhat similar but more quartzose. On the eastern 
slope are argillaceous schists, quartzites, and small areas of" 
limestone, overlaid in places to a hight of twenty-five hundred 
feet by shales, sandstones, and conglomerates of the Horsetown 
period. 

As the range is followed south along the western border of 
Tehama county it is found to maintain an elevation of over five 
thousand feet, while silification becomes more and more a char- 
acteristic of tlu^ nietnmorphisni. Red jasper, a remarkabh' wide 
spread rock in the Coast Ranges, was observed fii-st in southeastern 
Trinity county. 

The, unaltered shales and sandstones of the Shasta group In- 
come very prominent in Tehama county; having a width of over 
twelve miles. They dip eastward at an angle of from :j0°-45*^. 
sometimes becoming nearly vertical near their western lx)undary- 



Near the Cold Fork of the Cottonwood and about two mile^ from 
the metamorphies, the first specimen of Aucella was observed. '. 
The strata here dip nearly vertical and are greatly l)roken. The 
rocks against which they rest consist of quartzites, crystalline 
limestone w^ith poorly preserved fossils, thin cleavable shalen 
highly metamorphosed, green talcose schists changing to contorted 
and silieified green schists on Tom*s Head and westward to the 
North Yallo Bally where they are gnarled and knotted in the 
highest degree. 

On Klder creek the Aucella is found in abundance together 
with other lower Cretaceous species, but the contact with the 
metamoq)hic series is not to be observed on account of a great 
mass of serpentine. Mr. J. S. Diller, who has investigated this 
region carefully, has proved that both divisions of the Shasta 
group are represented on Elder creek ; the lower, the Knoxville, 
having a thickness of nineteen thousand nine hundred feet, while 
the upper or Horsetown is represented by six thousand one hun- 
dred feet of shale and sandstone. These two beds were demon- 
strated to \w continuous from top to bottom without physical 
break.* This accords with the latest views of Dr. Becker, who 
found a commingling of the faunas of these two divisions at 
Riddles, Oregon, t Mr. Becker had previously announced that 
the great upheaval of the Coast Ranges took place at the close of 
the Knoxville. J The conformity shown to exist between the two 
divisions of the Shasta group is in perfect accord with my own 
observations. A very important fact results from these conclu- 
sions; since the Horsetown and Knoxville l)eds are conformable, 
and the upper, or Horsetown, rests unconformably on the metaT 
morphic series in Shasta county, a fact acknowledged by all ob- 
servers, then the lower or Knoxville, when present, must also 
rest unconformably on the metamorphic series, if it can be proved 
that these metamorphics are continuous with those of Shasta 
county. After a most careful tracing of the older rocks of 
Shasta county southward, I find it utterly impossible to draw a 
line of demarkation between them and the metamorphics of either 
Tehama, Colusa, Lake or Napa counties. There is no physical 
break. 



♦Bull. Geological Society of America, Vol. II, p. 207. 
tBuU. Geological Society of America, Vol. II, p. 208. 
JGeology of the Quicksilver Deposits, p. 460. 
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The line of contact between the Cretaceous and the older rocks 
has been particularly favorable for the intrusion of the periditi- 
tic rock from which the serpentine has been derived, and this to- 
4j;ether with a general covering of the rocks with soil makes it 
hard to find good exposures. The best contact observed was on 
Elk creek in Colusa county; here the soft black shales rest di- 
rectly against the green silicified schists. A few hundred feet 
distant the shales have a dip of 40° to the east; as the contact is 
Approached the}' dip more and more, finally becoming somewhat 
broken and reversed, while for several feet adjoining the schists 
they are crushed to a clayey mass. The change to the vertical 
green schists is abrupt. Toward the crest of the mountain five 
miles away they become more silicified. Black slate and horn- 
blende schists are also to l>e observed in places. The clay at the 
•contact has been formed by an upward movement of the meta- 
morphic ridge, a condition noticed at several points farther south, 
and which, to a certain degree obscures the non -conformity. 
This is undoubtedly the reason for the apparent conformity be- 
tween the Aucella bearing strata and the metamorphics of Mount 
Diablo, mentioned by Mr. Becker as a proof of the unity of the 
two formations.* 

Alx)ut the headwaters of Stony creek the Cretaceous is separ- 
ated from the metamorphics by large areas of serpentine, and 
ancient i)orphyritic rocks in part amygdaloidal. Snow Mt. 
consists of jasper, silicious schists and hard sandstones. Along 
the ridge southward between Lake and Colusa counties glanco- 
phane schists appear. Black slate becomes more abundant and 
is particular^ well exposed on the North Fork of Cache creek, 
where it splits into large slabs when not too much crushed. 

The eastern boundary of the metamorphic rocks follows a di- 
rection a little etust of south, passing about three miles east of 
Lower lake, through the western edge of Pope valley, and then 
becomes covered with volcanic material so that it can be traced no 
farther. Two outlying areas are to be found to the east of this 
line. One forms a ridge near the head of Sulphur creek, Colusa 
county and consists of sandstone, schists and jiisper, with dikes 
of old eruptives. From this ridge the aucella bearing strata dij) 
in opi)osite directions. The other is of much greater extent, 
forming a higii range west of Beyressa valley, with a length of 

♦Geology of the (Quicksilver Deposits, p. 184. 




alM)iit twenty- miles. Capel creek cuts througli the southern end 
of this ridge, and thougli in phice the metamorphism is not greats 
vet the distinction from tlie Cretaceous is easily discernil)le. 

* a. 

Cretaceous shales carrying Aucella outcrop on the west, but are 
separate<! by a dike of serpentine. On the east the shales rest 
directly against a Ijody of dioritic rock, similar in appearance to 
numerous dikes with which tlie metamorphic ridge is filled. 

On James creek, north of the ^^<]tna mines an exceedingly in- 
teresting section is exposed. For two miles the creek has cut 
through slates, mica and hornblende schists, and ancient intru- 
sive rocks. At the mouth of the canon the hornblende schists 
are followed by a dike of serpentine three hundred feet wide. 
From this there is an abnipt change to the unaltered but upturned 
and broken shales of the Knoxville beds. In these shales a mile 
eastward on Pope creek Aucella is found. 

About three miles eiwt of Lower lake near the Knoxville roa<ly 
massive sandstones considerably altered outcrop on the western 
bank of a little creek. The eastern bank aljout twelve feet away 
is formed of Aucella bearing shales and calcareous strata entirely 
un metamorphosed a«d dipping eastward about thirty degrees. 
Unfortunately the actual contact is hidden by a slide of l)oulders- 
from above. 

These examples are sufficient to show that there exists in the 
('oast Ranges of California a series of rocks for the most part, 
greatly metamorphosed and separated from the lowest Cretaceou.s. 
not only lithologically but also b}' a great non-conformity. 

No regional metamorphism is anywhere appai*ent in the Cre- 
taceous rocks: whatever the nature of the disturbance to which 
they have been subjected, it was not of a metamorphosing char- 
acter. In several instances, as at Sulphur creek and Knoxville^ 
an alteration has taken place, but solely through th(»rmal action. 

In places the older rocks are so little altered as to be easily 
confounded with the Cretaceous, and close examination an<l fa- 
miliarity with the regional characteristics are necessary to dis- 
tinguish them. The Aucella is a widely distributed fossil through 
the Lower Oetaceous, and is it not likely that it would have been 
found in some portion of the slightly altered metamorphics if 
they really belong to the Cretaceous? 

The exact age of the metamorphic i*ocks as yet remains un- 
known. They are probably not older than the CaHwniferous. and 
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must have been eoncenied in the upheaval of rocks of that agt» 
in Shasta count}'. Portions of the metamorphic rocks of the 
Coast Range bear the closest resemblance to those of the gold 
l>elt of the Sierras, which were considered by Prof. Whitney to 
l)e not younger than the Jurassic. Dr. Becker has afflrmeil that 
the gold bearing rocks of the Sierras are in part Neocomian on 
account of the presence of a species of Aucella indistinguishable 
from one found in the Coast Ranges.* He reaches the conclu- 
sion that the Knoxville and Mariposa beds are of the same age,t 
including of course the metamorphic rocks of the Coast Range 
in the Knoxville. In speaking of the Coast Ranges as members 
of the western Cordillera system he says, **The earliest determin- 
able portion of the Coast Ranges must therefore l>e considered as 
due to the same disturbance which added the gold belt proper to 
the Sierra Nevada.'** And again an important uplift of the 
Sierra Nevada was contemporaneous with the first known up- 
heaval of the Coast Ranges. | 

Laying aside the conclusion reached b}* Dr. Becker concerning 
the occurrence of the Aucella in the Sierra Nevada, I fully agree 
with him in regard to the simultaneous upheaval of i\w two series 
of ranges, and that they belong to the same mountain system, and 
finally, that whatever can be proved to be true of the metamor- 
phics of the Coast Riiuges, with reference to the points under 
discussion, must also be true of the rocks of which the Mariijosa 
beds form a part. 

Granted now a iire-Cretuceous age for the rocks of the ("oast 
Ranges, and their upheaval as contemi)oraneous with that of the 
Mariposa beds, we must, as a consequence postulate a pre-Cre- 
tAceous age for the Mariposa beds. These beds an* an integral 
part of the Sierras and consist largely of black slate. T have* 
traced them almost continuously for a distance of a hundred and 
twenty miles and found them enclosed in a great width of other 
metamorphic rocks. The upheaval of the whole was accom- 
panied by an extrusion of granite well illustrated a few miles 
southwest of Mariposa, where XXw black slates abut against the 

*Geol. of tlie Quicksilver Deposits, p. 201. 
tGeol. of the Quicksilver Deposits, pp. l»5-ll>s. 
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granite and have been metamorphosed by it.* Crystalline lime- 
stones probably Carboniferous are found on both sides of the 
Mari|)osa beds, and must have been concerned in the same up- 
heaval. Northward toward Pence's ranch no physical break has 
been detected. At this place are Carl)oniferous limestones and 
«lates in part of the same age. Carl)oniferou8 limestone is also 
found in the eastern part of Shasta county interbedded with 
:»lates. From all the evidence at hand I believe it is impossible 
to separate the Mariposa beds from the other metamorphic rocks 
•of the Sierras, and conser[uently their period of upheaval, ad- 
mitted to be the same as the metamorphic rocks of the Coast 
Ranges, is coeval with that of the Carboniferous of Shasta 
•oounty and other pails of the Sierras. 

With regard to the peculiar metamorphism of the Coast Ranges 
it was certainly pre- Cretaceous. The formation of a network of 
minute (juartz veins, so wide spread, seems to l)e confine<l to the 
harder rocks which were broken and crushed in the violent oro- 
graphic movements, while the more argillaceous rocks were re- 
duced, often to a clayey mass impenetrable by the silicifying 
4igencies. 

The metamorphic series is also distinguished by the presence of 
much intrusive rock which, as far as my observation goes, does 
not appear in the Knoxville. These intrusions are so much de- 
•composed that it is difficult to get at their real character. When 
the amygdaloidal structure is absent they closely resemble decom- 
posed sandstone, (rood exiK>sures of them appear north and 
west of (ylear lake, in Pope valley, and Capel creek. In the 
<jreology of the Quicksilver Dei>osits it is stated that no pre-Ter- 
tiary eruptives are to l>e met with l)etween Clear lake and New 
Idria. 

Serpentine is the most common pre-Tertiary eruptive in the 
€oast Ranges. That it is younger than those just described is 
shown bv the fact that it cuts both the Knoxville and metumor- 
phic series. It wiis held by Prof. Whitney and his assistants to 
be an altered silicious or silico-argillaceous rock,t the magnesia 
liaving been introduced by some process of substitution. Dr. 
Becker follows in nearly the same line and endeavors to prove the 
origin of serpentine through metasomatic proces.ses, either directly 

♦Tenth Annual Report of the State Mineralogist, p. 30. 
t Auriferous Gravels, p. lU. 
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from sandstone or through the intermediati* stage of a metanior- 
phic crystalline rook.* Contrary to the foregoing views J. S. 
Biller speaks of the serpentines of the Coast Ranges, as altered 
peridotites. t That at least a part of the California serpentines 
are altered eruptives seems also to he the opinion of II. W. 
Turner,! W. Lingren and (1. P. Merrill. 

The general similarity of the serpentines and their strati- 
graphical i)osition lead me to believe that they are all of the same 
geological age, and, as a rule, have resulted from the decay of 
a peridotitic rock. The eruption of the peridot ite and its altera- 
tion to seri)entine must have taken place prior to the deposit of 
the Wallala ])eds, for the latter, according to Dr. Becker, contain 
serpentine bouldei*s. 

The sequent ine bodies of the (V)ast Range are generally more 
iiTegular in outline than those of the Sierras, owing to tlie greater 
amount of crushing which the metamorphics of the former re- 
gion have undergone, but are always sharply defined and indis- 
tinguishable in appearance from those of the Sierras, the eniptive 
nature of which 1 think no one will deny. 

A slight degree of contiict metamorphism is often shown. 
This is well illustrated on the road from lieesville to Bartlett'.s 
Springs where sonic pre-(!retace()us argillites have been haniened 
and made to a.ssunie a dark metallic appearance near the contact. 
On Grindstone creek. Colusa countv, the Knoxville shales have been 
metamorphosed for a distance of a hundred feet, the bedding ob- 
literated and a noticeable hardening induced. Numerous other 
instances of this were seen in Tehama and Colusa counties. In 
many cases the etfect produced by the serpentine has been ob- 
literated l)v the movements which have taken place along the 
contact. The presence of the serpentine in dikes and irregular 
bunches in the Knoxville shales, and the inclusions of the shale 
in the former are proofs of its intrusion subse<{uent to the deposi- 
tion of the Knoxville beds. 

Dr. Becker bases his strongest arguments for the metamorphic 
origin of serpentine on the field relations existing about Knox- 
ville, Xapa county. The locality is on the eastern edge of one 
of the greatest serpentine areas of the Coast Ranges. Along 

♦Geol. of the Quicksilver Deposits, p. 121. 
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the crest of the ridge above Knoxville, innumerable bodies of 
nietauioq)hic rock are included in the serpentine, among these are 
shite, hornbleiidic, micaceous, and actinolite schists. These are 
arranged with their longest diameters parallel, and extend in the 
same direction as the mountain ridge, northwest and southeast. 
In addition there are lenticular Iwdies of diabase, diorite and fine 
grained porphyritic rocks. These crystalline rocks, as a rule, 
have no downward continuation, and like the similarly shaped 
masses of metamorphic rock were probably broken off from deep- 
seated portions, and brought up with the erupting mass. They 
are surrounded b}' a l)order one to two inches thick, of a mixture 
of serpentine with the original rock : a condition resulting from 
a slight penetration l>y the magma. From all observations it ap- 
pears that the serpentine has been capable of eflfecting only a 
comparatively slight degree of metamorphism on the adjacent or 
included fragments of sedimentary rock. In all this region.no 
transition from the metamorphic rocks to serpentine was observed. 
Here, as in many other places in the Coast Range, the seq^entine 
is greatly crushed and often reduced to a shaly mass. This ap- 
l)arent stratification is one reason which led the earlier observers 
to classify the rock as metamorphic. Discarding the idea of a 
sedimentary origin, to my mind, it is due not so much to move- 
ments in the ro^'k produced bv the hvdration as to dvnamical 
action, which has l)een so pronounced in the Coast Ranges as to 
reduce argillaceous rocks to clay and sandstones to a crumbling 
mass, over stretches of considerable extent. 

No important non -conformity between the Sliasta group and the 
Chieo could be made out, though there is no doubt about the 
Chico resting unconformably on the metamorphic series. J. S. 
Diller says that on Klder creek, Tehama county, no physical break 
could be made out between the Knoxville and the Chico.* H. 
W. Turner figures and describes the Knoxville and Chico beds of 
Mt. Diablo as conformable, t Neither was anv non-conformitv 

V ft 

between these beds found by Prof. Whitney. 

From the foregoing illustrations coupled with my own observa- 
tions, I think we can safely say that no important non-conform- 
ity exists in the Cretaceous, and that it is utterly imi)ossibIe that 
the great upheaval of the Coast Ranges could have taken place at 

*Bull. Geol. Society of America, Vol. II, p 207. 
+Bull. Geol. Society of America, Vol. II, p. 400. 
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the close of the Gault, or Shasta period, as Dr. Becker has lately 
affirmed.* A small unconformity undoubtedly exists, due in 
part to the eruption of the serpentine, and in part to an uplift 
accompanying it. The extrusion of such an immense body of 
igneous rock as that near Knoxville, ranging from three to five miles 
in width, and twenty miles long, must have pushed l)ack and 
tilted the Knoxville shales to a considerable extent. 

I see no other way but to return to the views of Prof. Whit- 
ney with regard to the gold belt of the Sierras, that is, to a 
post-Jurassic upheaval. This upheaval accompanied by granite 
and aflfecting the region of l)oth systems of mountain ranges 
simultaneously, gave rise at least to the Coast Range with it.s^ 
series of metamorphic rocks. 

Concerning the evidence of the fossil Aucelhi, since standard 
authorities diflfer in regard to its exact time range, T see no reason 
why it might not have existed during the Jurassic in the Sierra 
region, and, since its geographic range is of great extent, have 
returned again to regions where favorable conditions existed, 
after the great upheaval which separated the metamorphic roc^k* 
of both the Sierras and Coast Rjinges from the lowest Cretaceous. 



RELATIVE ABUNDANCE OF GOLD IN DIFFERENT 

GEOLOGICAL FORMATIONS. 

W. V. BI.AKK, ShullBburg, Win. 

In the interesting notice of the ''I'niversality of (rold ' by 
Dr. Everette in the November issue of the American (iKolooisiv 
page 331, he says: '^Therefore gold may be sought for in every 
geological horizon, and has thus been found in more or less pay- 
ing quantities from the very earliest rocks up to the recent alhi- 
vial and drift formations,'' a statement which may 1k' accei)ted as 
correct, })Ut he proceeds to state: — 

* 'However, in those veins of ([uartz which are found in the 
Cambrian and liower Silurian strata, gold in the niet^dlic state in- 
termixed amongst the quartz is found in far greater commercial 
([uantity than in any other of the preceding or subse<iuent geo- 
logical horizons. Wherever gold has been found in very large 
(juantity in either vein or placer form, it has been found t^) bc^ 

♦Bull. Geol. Society of America, Vol. 11, p. 2(K;. 
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either in a Cambro-Silurian series of slaty rocks and (jnartz or 
else has resulted from the immiHliate decomposition of those 
rocks." 

Tliis last generalized sUitement would have passed unchal- 
lenged, and would have been generally accepted in the days of 
Sir Iloderick Murchison, who came to regard the occurrence of 
gold as evidence of Silurian rocks, and conversely, the discover}' 
of Silurian rocks, as for example in Australia, as indicative of 
the occurrence of gold, but to-day, after the experience in Cali- 
fornia, the generalization is not justified by the facts. 

The age of the chief gold-bearing slates of the central gold 
region of California, w^here gold was mined in greater ([uantity 
than ever Itwfore, was for a long time in doubt. The dogma of 
the Lower Palaeozoic age of most of the gold rocks of the worhU 
predisposed observers to regard the auriferous skites Jis Palaeozoic. 
But al>out the year 18()4, I had the good fortune to find Mesozoic 
fossils in the midst of these slates, and thus removed all doubt 
of their true horizon. These fossils were Ammonites in the slates 
of Placer county near Colfax; Behnnnltt's and Jurassic bivalves 
in similar slates on the Mariposa estsite, Mariposa county, and 
contiguous to the great gold (piartz vein known as the Mother 
vein of California. Thus the Secondary age of the chief gold 
bearing slates of California was established. 

It is in this great belt of Jurasso-Triassic, and perhaps in part 
Lower Cretaceous strata, lying enfolded in the western flanks of 
the great mountiiin mass of the Sierra Nevada, we find the strongest, 
richest, and the most productive gold quartz mines and placer de- 
l>osits of California. The Mother vein at Carson hill, in Cala- 
veras count}', has yielded some of the heaviest masses of gold 
ever taken from veins. Further, one of the deepest gold mines of 
the world is in the midst of the same great belt of Mesozoic slates. 

The occurrence of gold in California is, however, not confined 
to any one geological horizon. It is found in close contiguity to 
limestone of Carboniferous age, as early shown by Dr. Trask, and 
no doubt in the older rocks of the Sierra Nevada lying parallel 
with the chief auriferous deposits. Thus at Hite's cove, some 
miles west of the locality of the Jura-Trias fossils of MariiK)8a. 
there is an important gold-bearing vein near a stratum of lime- 
stone in which I have found encrinal stems, and which is no 
doubt Upper Paheozoic. But these older strata in California have 
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never yielded gold so generally and in such profusion as the newer 
beds further west of them. 1 would not, however, lie under- 
stood as claiming that the Mesozoic formations, even in Califor- 
nia, give as a rule richer mines than any other formation. 80 
far as the evidence goes, for that region, such a generalization 
might be accepted, but we know far too little of the laws of the 
formation and distribution of the noble metals to make any rigid 
discrimination in favor of one geological horizon over any other. 
Some of the most valuable gold mines do not occur in stratiform 
rocks. The celebrated veins of Grass valley, California, which 
have lieen worked continuously for over forty years are in crystal- 
line granitic rocks of uncertain age. The great Comstock lode in 
Nevada, which has added so many millions to the world's supply 
of gold as well as silver, is in crystalline rocks which, however, 
areprobabl}' altered Mesozoic beds. The gold of the Deep Creek, 
region, Utah, as T have elsewhere shown, is. in altered Carlx)nif- 
erous limestone, thus being in upper rather than lower Pala?ozoic. 

The best example we have of gold in the oldest rocks is found 
in the Black Hills of South Dakota in pre-Silurian strata, probably 
the equivalents of the Cambrian, Montalban, or still older sedi- 
ments. But here in these ancient strata, although the aggregate 
quantity of gold is large, the (piantity per ton of rock is not. 
To use the technical phrase it is "low grade rock' as compared 
with the gold quartz rock of the California Mesozoic. 

The financial success of any gold mining operation is not to be 
taken as an indication or measure of (piantit}. Success or failure 
depends largely upon location, the facilities for working and upon 
intelligent common sense management. 

In conclusion it is well to note briefly the general absence' of 
jrold, so far as yet known, in the ordinary red beds of the Trias 
of the Rocky mountains, and Appalachians, and from all forma- 
tions where the iron is in the condition of sesqui-oxide. 1 do not, 
of course, refer to, or include the oxidized outcrops of formations 
where at water level the normal condition of the contained iron is 
that of prot-oxide or of its sulphur compounds. This is the 
normal state of the California Mesozoic. The auriferous forma- 
tions there are generally bluish-green and black in color, the dif- 
fused iron is in the state of protoxide, or the sulphide, and tlie 
formations bear no resemblance to the Trias of the Rocky mount- 
ain region or of the Appalachians. 



THE CRETACEOUS COVERING OF THE TEXAS 

PALAEOZOIC* 

Ralph S. Takr, Cambridge, Matit*. 

The (luestiou as to whether the central Palaeozoic and pre- 
Fala?ozoic region of Texas was completely covered by the Cre- 
taceous, is still a mooted (jnestion. Prof. R. T. Hill has at 
various times stated that this was the case, giving numerous rea- 
sons for the statement ; but Dr. T. B. Comstock, who, by his de- 
tailed study of the central mineral region of Texas, is well quali- 
fied to speak upon the subject from other points of view, has 
come to tlie opposite conclusion. In the second annual report 
of the Texas geological survey he has again stated this conclu- 
sion, giving therefor numerous reasons of considerable value. 

A study of the region immediately' north of this area has con- 
vinced me of the accuracy of Prof. Hill's conclusion, and it is 
my purpose at this time to place the reasons for this conclusion 
on n»cord. 

The l>eginning of the Carl)oniferous epoch found the central 
region of Texas a land area considerably denuded. This is 
proved l)y the baj's and promontories now being uncovered by the 
erosion of the overl^'ing Carboniferous. It was probably a mount- 
ainous area, a part of a much more extensive system now buried 
beneath later deposits. More than 8,000 feet of Carlx)niferous 
rocks were laid down and the sediments forming these rocks came 
in large measure from the central region or from its extension 
now buried. This is proved by the conglomerate pebbles in the 
Carl>oniferous. In later Carboniferous times, during the deposi- 
tion of the Coleman beds, the Carboniferous of earlier date had 
been added as a coasUil strip to the older land. The general ab- 
sence of conglomerate and sandstone in these rocks is proof of 
this, and the presence of numerous shore lines in the Coleman 
beds points to the same conclusion. The extensive Permian rocks 
of central western Texas are in the main inland sea deposits, and 
during this time the Palaeozoic was still land. From the close of 
the Permian to the beginning of the Cretaceous we have no def- 
inite evidence* from the Texas deposits, so far as they have been 
studied, though there can be little doubt that the older Paheozoic 
rocks remained dry land. 

Thus, from the beginning of (>arboniferous times, and earlier, 

♦Published hy permission of Mr. E.T. Dumble, State Geologist of Texas. 
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until the Cretaceous period, with the possible exception of early 
Carboniferous times, the ancient Palaeozoic core of Texas has 
been subjected to denudation. Since the beginning of the Car- 
boniferous to the present, along the northern border of this area, 
there have been no disturbances of sufficient moment to aflfect the 
CarlK)niferous rocks, barring only the gentle tilting to which these 
have been subjected. Tn other parts of the area this is not true, 
for Dr. Comstock finds later disturbances, and tlie post-Carbonifer- 
ous age of the Burnet granite has been quite definitely settled. 
The point intended to be made here is, that the older rocks have 
not been subjected to extensive mountain building forces in post 
Carboniferous times, otherwise it would be difficult to understand 
the remarkably unbroken nature of the Carboniferous rocks which 
skirt its northern border. Post-Cretaceous disturbances to the 
southeast, such as that of the Burnet granite intrusion do not, of 
course, enter the problem under consideration. 

So, from Carboniferous to Cretaceous tim-es the area was not 
only one of continuous denudation, but also one free from the 
rejuvenating efl^ect of extensive elevation. How greatly denuded 
this area was in pre-Carl)oniferous times cannot be stated with 
absolute certainty, yet the valleys and promontories buried be- 
neath the Carboniferous are not sharp and deep in topographic 
outline, l»ut, rather, rounded, as if of adolescent or mature 
forms. This seems to show that the area, though a mountainous 
area, was not at that time one of striking relief. From that time 
to the beginning of the Cretaceous its relief must have been 
greiitly reduced in the absence of distinct rejuvenation. Yet, as 
will be shown, it was at this time a land of considerable topo- 
graphic diversity. 

The lowermost (^retjiceous bed is a hodge-podge of sand and 
conglomerate representing in large measure the old land, in part, 
if not entirely, worked over by the sea as it advanced upon the 
Palaeozoic land, which was sinking beneath the ocean. Strati- 
graphically this, the Trinity of Hill, is the lowest member of the 
nearly horizontal Cretaceous; but it may represent a wide period 
of time, for, in places it is found on the Paheozoic land at an ele- 
vation of l,2r)(j feet alx)ve sea level, while at other places it rests 
at an elevation of 1,000 feet. Thus this vertical difference of 
()50 feet means approximateh' the time required for the land to 
.'siiuk <>50 feet; and that there is this amount of difference of time 
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in tlie <U»p<)sitioii of the Trinity sands in these two places. In 
order to elirtiinate a possible error, even in this calcnlation, aris- 
ing from the complication involved by the tilting of the entirc 
area in post-Cretaceous times, it may be well to take differences 
of elevation in a northeast and southwest direction, which will 
reduce the difference in elevation from t)50 feet to 500 feet. The 
difference calculated here is based upon points fifty miles apart. 
That this difference is not great, when compared with the time of 
formation of the series as a whole, is proved by the fact that im- 
mediately over the Trinity, in every place, is found the lower 
layers of the C'omanche Peak l)e<ls. Thus it seems likely that 
the submergence of the land was tolerably rapid. This is still 
further indicated by the unassorted arrangement of the lower beds 
and their wide diversity. 

That the Carboniferous land was a level land, is proved, on 
every hand, by the fact that, on the Carboniferous proper, there 
are no excessive changes in the general level of the Trinity beds; 
but, that the Carlxjniferous was a land area, and one of gen- 
tly undulating surface, is equally well proved b\' the gradual 
changes in elevation in the different parts of the region now par- 
tiallv covered bv Cretaceous. For instance, southwest of Brum- 
wood, on the west side of Pecan bayou, in five miles, on a north 
and south line, the elevation changes from 1,350 feet to 1,500 
feet, or an increase of 150 feet going northward five miles. The 
Santa Anna, (^'ctaceous butte, inH.^oleman county, rests in Car- 
boniferous at an elevation of about 1,750 feet while fifteen miles 
to the northwest the Cretaceous-Carboniferous contact is at an 
(»levation of 2, lOO feet. At the base of the scarp along the 
Colorado river, the lowest Cretaceous boundary is a gently undu- 
lating line with a general rise to the north. The hills recently 
uncovered from beneath the Cretaceous are broad, flat-topped, and 
gently undulating. The gradual rise to the northwest is probably 
to be accounted for V)\' the tilting of the entire ma.ss in post- 
(^retaceous times: and it is probable that the old-land slope has 
been reversed bv this means. 

Fn^ni this it will be seen that there are no places where the 
position of the lower Cretaceous seems to indicate any sharp 
erosion or striking topographic relief in the Carl)oniferous land; 
but in the bordering Silurian the case is different. This was the 
highland of the time and, as would naturally be expected, the 
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hard rocks of that formation resisted the base-leveling process 
long after the softer rocks of the Carboniferous had been reduced 
to it. The Harper knobs west of the San Saba consist of Trinity 
conglomerate resting on Carlx)niferous at an elevation of 1 . 400 
feet. Within five miles in a southeast direction there is Silurian, 
at present 1,650 feet high without any Cretaceous covering. 
Within seven miles in nearly the same direction, there is a Silu- 
rian hill without Cretaceous, at an elevation of 1,850 feet. That 
is, in seven miles, there is a rise of 450 feet at least in the pre- 
Cretaceous topography. There are many other places where tlie 
Silurian rises to this elevation without any sign of ever having 
had any Cretaceous covering; but, southwest of Brady, Cretaceous 
is found resting on both Carboniferous and Silurian at an eleva- 
tion of 1,900 feet. Here the Trinity rests at an elevation of 150 
feet above the nearest Cretaceous on the I j>per Carboniferous. 
10 miles northeast. The significance of this, with relation to the 
chief point under consideration, will be referred to later on. 

From the al)ove it will be seen that when the Cretaceous period 
began, in Texas, it found a low-lying land of Carboniferous strata 
undulating and nearly base- leveled, and an older Palaeozoic high- 
land district considerably diversified, but probably not strikingly 
mountainous. Upon this area the encroaching sea commencod 
the deposition of the Trinity sands and conglomerates, then, with 
more complete submergence, followed the higher beds of deeper 
water origin. A few words upon this peculiar formation will 
help us in the proper presentation of this argument. 

The basal beds of the Cretaceous are revealed in the Paheozoic 
region along the base of the retreating scarp from beneath which 
the Carboniferous and other beds are being uncovered, and also 
along the base of the buttes and patches of Cretaceous which re- 
main as uneroded remnants on this area. Being nearly horizon- 
tal they are revealed over a great area by this means. Along the 
eastern margin in the Colorado river escarpment the beds arc con- 
glomerate, in the main, and vary in thickness from twenty feet 
or less to one hundred feet. Farther to the west the basal beds 
are sands instead of conglomerates, and there are also shales and 
impure limestones. Over the Permian these beds are red in color 
from the color of the underlying rocks. 

In lithologic character the conglomerate is (juite remarkable, 
being often composed of large pebbles with a chalky ccinent. 
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Tho pebbles are frequently well rounded, and are sometimes, as 
for instance, south of Milburn, fully one and one-half feet in 
diameter. They are almost exclusively of flint and marble from 
the Silurian. 

1 am not able to account satisfactorily for such a conglomerate. 
At first 1 was inclined to the belief that it represented old river 
beds, and I am not certain that this will not be found to be the 
origin of some of these conglomerates. The rather linear ar- 
rangement, in places, the fact that man}* miles away from the 
Silurian large pebbles from this source are found, and the presence 
of silicified wood and land fossils seem to indicate this origin. 
The close resemblance which some of this conglomerate bears to 
(luaternary conglomerates in the creek l>eds is very striking. 
In Wallace creek, west of San Saba, the pebbles brought from 
the Silurian in times of flood, are cemented bv a tufaceous ma- 
trix, deposited from chemical solution by the evaporation of the 
water, and this conglomerate resembles the Cretaceous so closely 
that several good observers have at first sight considered hand 
specimens of the two the same. 

Certainly this is not an ordinary beach conglomerate, for, in 
addition to being composed of large and sometimes well rounded 
pebbles, it is composed, in full}' one-half its bulk, of a matrix 
of limy matter. We have a basis for comparison in the same 
field, for, near Rochelle, Cretaceous conglomerate rests directly on 
the Carboniferous conglomerate. Not onl}- is there no resemblance 
])etween the two in the character of the matrix, but the pebbles 
also, though derived from the same source in 1)oth cases, are en- 
tirely different. The Carboniferous conglomerate has no pebbles 
of marble, but the Cretaceous contains very many marble pebbles 
in addition to the fiint derived from the marble. This compari- 
son shows that, while the Carboniferous conglomerate had l)een 
subjected to much sea-shore grinding, the Cretaceous was almost 
free from such action. 

It can be readily shown b}' subtracting the present slope of the 
old Carboniferous land from the dip of the Cretaceous that the 
dip of the old pre- Cretaceous land was several feet per mile to 
the northwest. Consequently as the land sunk beneath the sea 
the water encroached from the west toward the east. 

The Trinity l)eds are probably nothing more than hurriedly 
worked over soils and land debris, in a rapidly encroaching sea, 
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the rapidity being indicated both by the character of the strata 
and the fact that at points four or five hundred feet alwve one 
another the same stratum is found. The encroachment being 
from west to east, as it proceeded, a bed of varying character and 
thickness was formed according as topography and amount and 
cliaracter of supply varied. Such being the case it follows that 
at a distance from the elevated Silurian land the soils upon the 
comparatively level and rather soft Permian rocks furnished red 
sands, and, upon the Carboniferous, a yellow sand; but near and 
on the Silurian the stream beds supplied the waves with coarse 
material. This conglomerate hurriedly worked over and not 
much altered, soon came beneath the reach of wave action, as 
the subsidence of the land continued, and there became mixed 
with and covered by the finer deposits washed from the succeed- 
ing shore lines. In the (luite rapid subsidence it is possible that 
some protected river deposits may have escaped destruction, but 
I know of no instances which can definitely be stated to be of 
this origin. 

Above these beds everywhere are found deposits of great uni- 
formity free from conglomerates, at\d usually free from sand}' 
material. Certain of these beds are stated b}' Prof. Hill to be of 
truly deep sea origin, indicating a subsidence of several thousand 
feet. The remarkable extension of certain thin beds over hun- 
dreds of square miles proves great uniformity of conditions at- 
tending their deposition. A great thickness of true chalk is also 
proved by him. The aggregate thickness of these deposits is 
several thousand feet. 

If T understand Dr. Comstock aright, he conceives the Silurian 
to have been an island in this sea, for there can be no doubt that 
the (h-etaceous extended well up to the present limits of the area, 
since th(» Cretaceous still exists there either in remnants or as an 
escarpment to the main Oetaceous area. This Palaeozoic island 
at present seldom reaches much above 2,000 feet, and is usually 
much less. At an elevation of 1,1KM) feet southwest of Brady, 
ius already stated, I have found Trinity beds with distinctive 
Trinity fossils as identified by Prof. Hill, and at present in the 
-collections of the Texas geological survey. With the present 
topognn)hy this would submerge the greater part of the older 
Paheozoie beneath the Trinity sea. That still greater subsidence 
went on in the main Cretaceous is proved by the accumulation of 
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sovi'ial thousand feet of strata above the Trinitv, some of them 
•of (leej) water origin. 

If, instead of being a moderately low lying highland, as I have 
attempted to prove, the central mineral district w^as a mountainous 
area of great hight and topographical diversity, it might still be 
an island in the Cretaceous sea. This seems more unlikely, how- 
ever, when we consider the comparatively small area of the dis- 
trict, or, at least, that part of it which cannot be proved to have 
been covered by Cretaceous by the existence of remnants of these 
strata: however, the continuation of this area along the Peder- 
nales river, and probably elsewhere beneath the Cretaceous, shows 
that large i)arts of the older Palieozoic rocks had by this time 
lost their former topographic diversity, and become reduced to 
highlands of moderate elevation and toiK)graphy. Tn view of 
these facts it would be ([uite remarkable to find a single small 
area retaining its elevation to a sufficient degree to withstand the 
long continued and deep submergence of Cretaceous times and 
still remain an island. 

Aside from these facts there is another bit of evidence iK)inting 
to the same conclusion. With the exception of. the lower Trinity 
beds the Cretaceous is quite without evidence, where \ have seen 
it. of neighboring land. In the chalk and other beds the ma- 
terial is of such extreme purit}' that the neighl)orhood of land is 
quite out of the question, without the assumption of intermediate 
•currents of sufficient rapidity to remove all land debris of even 
the finest (luality. 

Dr. Comstock puts forward* several reasons for his belief which 
1 wish brieflv to consider. Fii-st, the absence of remnants of 
Cretaceous on the older Pala?ozoic is nqjed. This is certainly 
striking, but it may (Hjually well prove that the Cretaceous has 
lieen for a long time removed from this area, as I shall attempt to 
show possible. T^pon the (\irboniferous, low lying and undiversi- 
fied as it is, there are areas of considerable extent, only recentl}' 
uncovered from ])eneath the conglomerate, in which, except in 
the stream })eds. no signs of this covering exist. In the strongly 
diversified older rocks, with their greater elevation, this removal 
would l»e much more (juickly and completely accomplished. 

Secondly. ''The (^retaceous beds along the lx)nlei*s, even in- 
cluding the fossiliferous limestones, in large degree, are chiefly 
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shore line deposits of local origin. ' If these l)e(ls are Trinity or 
lower Comanche limestones it merely proves that at this time the 
older rocks were not completely submerged; but if they belong to 
the higher beds the argument is quite unanswerable. 

Thirdly. The irregularity in dip of the Cretaceous is men- 
tioned. This is not the case in the more northern region which 1 
have studied. This irregularity in dip may have been due to- 
original irregularities of the old land surface or to subseciuent 
deformations which Dr. (/Omstock himself has proved to have 
occurred in the region under consideration. 

The fourth and fifth arguments refer to the effects of faults in 
the older rocks, the meaning of which 1 cannot ([uite make out 
from the brief stafCment which he was obliged to make. Having 
no knowledge of the region in (question or the phenomena referre<l 
to, 1 should not feel myself ([ualified to answer these arguments. 

The sixth argument is the vast erosion shown in the older 
rocks, far too great to have been accomplished in ix)st-Cretaceou.s 
times. This is precisely the ground that 1 have taken above in 
attempting to show that the central core has been subjected to de- 
nudation from before Carlx)niferous times to the l^eginning of the 

Cretaceous 

Dr. Comstocks .seventh argument is that the pre- Cretaceous 

topography is still being perfected, the present streams occup^'ing 
the old valleys, (piite in contrast to that which is seen in the 
area only recently uncovered from beneath the Cretaceous. A 
stream superimposed upon a lower rock through an unconform- 
able covering finds itself following an irregular con ree, with little 
regard to revealed topography and structure. It is now pretty 
well proved that the streams will eventually adjust themselves 
to the newly formed topography. I have attempted to show, in 
articlas in the Anurinni Journal af Scicncv^ that this has been the 
case in the Carl)oniferous area of central Texas. Where reeentlv 
uncovered the streams flow over the Carboniferous in very irregu- 
lar courses, but, as you proceed away from such places, they are 
found more and more in conformity with the Carl)oniferous struc- 
ture. The tributaries to the Colorado, and that river itself, show 
such adjustments. In a region like the older Palteozoie which is 
so much more divei'sified in topography and structure, so much 
more elevated and, probably, so much longer uncovered, this pro- 
cess of adjustment has had lx)th more time and opportunity for 
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•expressing itself. In this way the correspondence of present and 
ancient valleys may be accounted for even though the entire re- 
gion was once completely buried beneath Cretaceous strata. 

The eighth and last argument is in no essential particular diflfer- 
ent from the first, and therefore requires no separate answer. 
With the exception of two of Dr. Comstock's arguments, other 
explanations seem possible, and these explanations do not militate 
against the theorv that the entire Palaeozoic and older rocks were 
once buried beneath the Cretaceous. The weight of the other tw*o 
arguments I cannot attempt to decide upon. 

(Iranting that the Cretaceous at one time extended completely 
across the Palaeozoic and Archean, it remains to be shown how it 
happens that this area contains now no relicof this former covering, 
whereas the Carlx)niferous aViounds in such evidence. The rea- 
son for this cannot be stated definitely, although there are sevenil 
}>ossiV)le explanations. In the first place the Cretaceous, owing 
to the elevated nature of the Palaeozoic core, may have been 
actually thinner here than elsewhere, and hence more quickly cut 
through. Another possible explanation is that the post- Cretaceous 
deformations noted by Dr. Comstock may have elevated these re- 
gions alx)ve sea level earlier than the neighboring regions, and 
thus given them a long start in the race of denudation. A more 
reasonable explanation than these even exists in the probable form 
of the Cretaceous sea floor. The central highland region of 
Texas, is at present much more elevated than the uppermost Cre- 
taceous beds to the southeast. Even the accumulation of several 
thousand feet of sediment could hardl}' be expected to completely 
etface this old mountain area. It most probably formed a great 
dune in the Cretaceous sea. which, in post-Cretaceous times was 
the first to be raised above the sea, and consequently the first to 
b3 attacked by erosive agents. That the elevation of the Cre- 
t iceous was in great measure continental in character is shown bv 
tiie uniformity in dip throughout the Cretaceous area. It seems 
proV)able. therefore, that if, as is supposed, the central district 
was submerged and covered, it was the first to appear, and this 
fact will account for the quite complete removal of Cretaceous, 
and the adjusted courses of the streams. 

Tn summary it may be said that it has been the attempt of this 
paper to prove that the central Paljeozoic and pre-Pal«eozoic core 
of Texas has been from before the Ijeginning of Carboniferous to 
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Cretaceous times, almost, if not quite uninterruptedly a lan<l area 
subjected to denudation ; that, at the l)eginning of Carboniferous 
times the land was already eroded V»eyond the stages of youth 
nearly to tomographic maturity ; that, when the Cretaceous period 
began, it found the Carlx)niferou8 area a low-lying base-levelled 
area, a peneplain skirting a moderately low and not strikingly 
diversified highland of older and harder rocks; and that the 
Cretaceous ocean completely covered this region, depositing there- 
on a considerable thickness of Cretaceous rocks. The encroach- 
ment of the Cretaceous sea was rapid as is indicated by the pe- 
culiar Trinity conglomerate, wliich is apparently hurriedly worked 
over land debris. The final chapter in the history was the [X)st- 
Cretact»ous elevation, which first raised this region above the sea.. 
because its former elevation was in part indicated in the topog- 
raphy of the Cretaceous ocean even through the blanket of Cre- 
taceous strata which covered it. Being the first to be raised 
above the sea it was the first to be eroded, and consequently now. 
over large areas, shows no signs of the former covering, either in 
remnants, Quaternary debris, or in unadjusted stream courses. 



NOTES UPON NEBRASKA TERTIARY. 

By F. W. RrssKLL, Chicago, 111. 

In the January (18110) numljer of the (iEouxHST the writer pre- 
sented some preliminary observations upon certain geologic forma- 
tions of central Nebraska. Obtaining many of these data from re- 
connaissance a desired degree of accuracy could not be attained. 
Subse(pient examination has served to reveal more comi)letely 
certain criteria for the study of this central record. One liiatus 
is closing l)ut we can not, as yet, proceed along an unbroken 
sequence. Most noticeable does this become when we endeavor 
to intercalate c(»rtain be<is betw(»en the inferior Tertiarv limestone 
and the superior loessian formation. These l)eds, as far as seen. 
do not contain data for exact horizonal determination. The 
problem then resolves itself into placing them from their relations 
to the other formations. Hri(»fly then to get the secjuence in mind 
let us consider our material. We shall find at the base the un- 
(luestioned Tertiary buttes. The writer has examined all the 
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outcrops occurring in the counties of Sherman, Howard, Greeley 
and Valley. Two of these Tertiary exposures have been pre- 
viously cited viz: at Scotia and Seneca, in Hooker Co. I will 
give t^o more, one at Brewster, one at Rockville. With the ex- 
ception of the last the masses rise in isolated buttes from 65 to 
1(^0 feet. Rockville exposes only a few feet. 

In composition there is but little difference. Seneca, Scotia 
and Brewster almost the same; Rockville slightly more siliceous. 
Among the observed fossils Planorlns^ Fhysa^ Limnaa^ Viviparus 
identifiable. Also many fragments that cannot be recognized 
even generically. The Seneca outcrop alone has furnished verte- 
brate remains. 

Passing upward to the superimposed and unconformable sands, 
clays, gravels and loessian we find these clearly dilTerentiable 
into two divisions. The sands, clays and gravels comprise 
the beds to be inserted l>etween the other known terms. The 
best locations for examination and study are along lines of 
the Burlington and Missouri River railroad in the aforementioned 
counties. The extremes of variation are a pronounced ferrugin- 
ous arenaceous mass and a drabbish argillaceous soil. The typi- 
cal component is an iron stained cla\'. The ferrugineity is often 
manifested in small iron concretions and in hand specimens of 
iron-cemented sand. Not infref|uently do these hand specimens 
show the presence of manganese. This particularly from a 
deposit south from Arcadia in Valley Co. Digestion with hot 
hydro-chloric acid demonstrates protoxide of iron as an external 
granular deposit on much of the sand. After such treatment the 
dark grains came out surprisingly white and clear. 

Contrasting the individual particles of this formation with the 
superior and non-conformable loessian distinct differences obtain. 
In the lower material the percentum above . 028 mm. is much greater. 
The grains do not show such marks of attrition. The percent of 
water-worn particles is somewhat high but even here the original 
angular faces have not been removed. Of the particles, most are 
(luartz, but iilentifiable I find muscovite, biotite, hornblende and 
glauconite the most common. Of hand specimens syenite, quartz- 
ite, chert, quartz and granite. The last however of very limited 
occurrence. 

As far as observed this horizon is destitute of fossils. Hence 
present examination must proceed without these valuable indices. 
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Continued study and search may result in bringing organic 
remains to liglit. Let us hope. 

The natural outcrops of this formation are rare. In places the 
creeks of the bluffs have cut through the superincumbent loessian 
Hnd thus revealed the clays and sands. This rarit}' of natural 
outcrop is not strange when we think of the extent and thickness 
of the loessian blanket. But where revealed, whether by creek 
erosion or railroad cutting, there is exhibited always a non-con- 
formity. Not abrupt, as upon the Tertiary buttes, but having 
more undulation, as though the beds sank quietly l)elow the 
water and received a uniform precipitation. However, such a 
dei>osition of sediment as did not effectually* conceal the previous 
-contour. Upon the emergence of the land the drainage at once 
assumed almost the identical conditions that had previously ob- 
tained, and in many places we find streams running on loessian 
beds in channels marked out for them prior to the deposition of 
this formation. The Loups are not rapid eroders, on account of 
the load of sediment they carr3\ They have not hence cut 
through the loessian blanket. 

In the lower of these two divisions aljove the Tertiary buttes 
we have no vertical cleavage. In this respect it differs pro- 
nouncedly from the formation immediately alK)ve. The com- 
mon calcium carbonate nodules are also wanting. In summation, 
then, the cardinal characteristics for recognition are the presence 
of iron and the iron stain: the presence of gravel, some particles 
being quite coarse; absence of fossils; absence of calcium car- 
lx)nate, both in nodules and disseminated; absence of vertical 
cleavage, and presence of manganese. The last perhaps rather 
more local than general. These data obtain for all of the many 
outcrops thus far examined in the counties of Valley, Greeley, 
Howard and Sherman. 

Turning to the superincuml)ent deposit then, let us still further 
note the differences. This formation has a uniform huffish to 
drabbish appearance. The particles are smaller and more uni- 
form, showing greater attrition. Calcium carV)onate present in 
nodules and disseminated throughout the mass. Vertical cleav- 
age alwa3's found, and becomes one of the most imjK)rtant means 
of identification. The formation is fossiliferous, having such 
forms as JSuccinea, Zom'tes. Ifefi.c, Pupn. VdUonia, HeJicoih'scus. 
etc.. of which IfflimKh'sctts and Sun'htffi occur in great numbers. 
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Wluit, then, are the ages of the formations? Are we justified 
in assigning the lower l)uttes to the Miocene? It seems so. The 
indications |K)int to this conclusion. If we adopt this determina- 
tion then we may with propriety assign the formation of the bluffs 
to the Pliocene. The question then arises, is the variation be- 
tween this upper Pliocene and the beds immediately under 
greater than might be found in one formation? Considering the 
variaV)leness of the Tertiary, so great dissimilarity might be 
found within the one division. In this case the upper bluffs 
would be the superior memV)er, and the gravels, etc., the inferior 
member of the Pliocene. 



ON FOSSILS IN THE LAFAYETTE FORMATION IN 

VIRGINIA.* 

By N. H. Dakton, V . S. Geological Survey, WaHhingUiii, 1). C. 

In a paper entitled " Mesozoic and Cenozoic Formations of 
Eastern Virginia and Mar}'land,''t I described the relations and 
distribution of this formation in the western portion of the coastal 
plain region, and announced its extension northward through 
northeastern Virginia and Maryland. 

During the past sejison I have found that the formation extends 
eastward down the coastal plain peninsulas nearly to Chesapeake 
bay. These peninsulas consist of remnants of an elevated plain, 
occupied by a sheet of Lafayette formation, and originally con- 
tinuous over the entire coastal plain. This plane is inclined 
gently eastward, its altitude decreasing from 500 feet in the Pied- 
mont region, to from GO to 80 feet in the vicinity of Chesapeake 
bay. where it is terminated by an abrupt descent to the low Pleis- 
tocene terrace bordering the bay to a width of several miles. The 
great drainage depressions are excavated in this plain and the re- 
sulting peninsuUus are more or less widely fringed by the low, 

*This formatiou on the Atlantic coastal plain was first described under 
the name Appomattox, by McGee, in 1889, in a paper entitled ** Three 
Formations of the Middle Atlantic Slope," Am, Jour, Scu, 8d series, vol. 
•^1 pp. 328-330. In the Amehican Geologist, vol.8, pp. 129-181, Hil^ard 
proposed to revive the term " Lafayette," which was applied in the Mis- 
sissippi region in 1855- *56, and the term was adopted by McGee and Dar- 
ton in a chapter on the Geology of Washington in the guide to Washing- 
ton, prepared for the meeting of the International Congress \)f Geolo- 
gists, in August, 1891. 

tGeol. Soc. Am. Bui., vol. 1, pp. 431-450, map. 



182 The American Geologist. March, 1892 

Pleistocene terraces which occupy them. The peninsula rem- 
nants of the high plain are also invaded by steep-sided, lateral 
drainage-ways. The aggregate area of Lafayette formation re- 
maining is, however, more than half of the original amount, and 
the level, monotonous surface of the old plain is the characteristic 
feature of all the higher land of eastern Virginia and Maryland. 

In its eastward extension the formation gradually becomes finer- 
grained; the pebbles are small and in less proportion and the 
amount of argillaceous matter increases. The predominant mate- 
rials are orange and buff sands, with irregularly distributed drifiB 
and sprinkling of small pebbles. Near the base of the formation 
in the easternmost localities thin beds of grey clay become conspic- 
uous, but they alternate with beds of sharp sands. The forma- 
tion gradually thickens, also, and finally a thickness of from forty 
to sixty feet is attained. Throughout its eastern ' extension the 
formation lies unconformably on the east-dipping surface of the 
Chesapeake (Miocene) sands and its base usually includes more or 
less Chesapeake materials. 

It was hoped when the off-shore deposits were studied that fos 
sils would be found, for no traces of organic life bad been dis- 
covered in the coarse l)eds farther westward, and it would be very 
interesting to know something of the life which existed in this re- 
gion in Lafayette times. Careful search finally resulted in the 
discovery of a fossiliferous locality, but the remains throw but little 
light on the question. They consisted of water-worn shell fmg- 
ments, and occurred in a thin coarse sand stratum a few feet 
from the base of the formation, in a road-cut a short mile north- 
east of Heathsville, the county seat of Northumberland county, 
Virginia. 

The remains were submitted to Dr. W. M. Dall, of the Sniitli- 
sonian Institution, and to Dr.W. B. Clark, of Johns Hopkins Uni- 
versity, but as the material was in such [K)or condition it was ditH- 
cult to identify species. The most abundant individuals were V( n us 
mern'Haria; a (xnathodon was recognized which I)r. Clark thought 
was probal)ly G. grtiyii. and a badly worn shell suggested Anomin 
shnph'x to Dr. Dall, but he was very doubtful as to its identity. 

The ]'e7ius mercetuiria has such a wide range as to be of no ser- 
vice in the present inquiry. Gnathodon grayii is x\ Miocene form, 
but other Gnathodons occur in the Pliocene, and the genus is still 
living in the seas of the far south. 
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Owing to their proximity to the Chesapeake formation, and the 
broken and water- worn condition of the shells it is possible, if not 
probable, that they were derived from the underlying formation. 
The soft, loose Chesapeake sands at this locality were never richly 
fossiliferous and have lost their shells by solution, but there are 
other localities, not far from Heathsville, where both Venus mer- 
cenaria, Gnathodon and other Miocene shells occur in abundance 
in the Chesapeake formation. 



QUATERNARY GEOLOGY OF KEOKUK, IOWA, 
WITH NOTES ON THE UNDERLYING ROCK 

STRUCTURE. 

By C. H. Gordon, Bvanston, lU. 

While the Keokuk limestone with its very interesting piscine 
and crinoidal fauna, and the shales with their peculiar siliceous 
deposits, have made this locality widely noted, the special topo- 
graphical and stratigraphical features of the region have received 
comparatively little attention. We have noted already some of 
the important features pertaining to the lithified deposits*, and it 
is the purpose of this paper to consider the equally significant 
topographical and Quaternary features. 

Keokuk is situated in Lee county, which comprises the triangu* 
lar area at the junction of the Mississippi and Des Moines rivers, 
in a bend of the Mississippi about two miles above its confluence 
with the Des Moines. For a distance of eight miles above the 
city, the general course of the river is due south with a slight 
l)end to the west. Opposite Main street it makes a shaq) turn to 
the west, bearing oflf s. w. by w. for nearly three miles, where it 
is joined by the Des Moines and again resumes its southerly course. 
From Montrose, nine miles above, the river flows over the cherty 
layers at the junction of the Burlington and Keokuk beds, giving 
rise to what is known as the Des Moines rapids. The canal along 
the western bank, constructed and maintained by the government 
to overcome this impediment to navigation, constitutes one of the 
important engineering features of the river. Just below the 
lower lock, an iron bridge spans the river, connecting the city 
with Hamilton, a thriving village on the Illinois side; while a few 

♦American Geoixkust, Oct., 1889, p. 237; same, May, 1890, p. 257; 
AmericaD Naturalist, April, 1890, p. 305; American Journal of Science, 
Oct., 1890, p. 295. 
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miles below, and easily seen from the bights at Keokuk, are War- 
saw on the Illinois side, and Alexandria in Missouri. The former 
is of interest as being the home of A.H.Worthen,whose labors as 
state geologist of Illinois placed him in the foremost rank of scien- 
tists. The name. Gate City, was applied to Keokuk in the old days 
of prosperous river traffic, when its position at the head of naviga- 
tion made it the '^entering port" of much of Iowa's commerce. 
Topography. — The thickness of the surface deposits is not 
such as to materially affect the topographical features of the re- 
gion, and hence these derive their significance largely from the 
subjacent rock surface. A high mural escarpment faces the river 
along the eastern and southern sides. In places this wall is con- 
siderabh' reduced and toward the south is intersected by the nar- 
row valle}' of Soap creek, leading in from the northwest. Near 
the lower lock, the escarpment rises in bold outlines, with retreat- 
ing summit, to a hight of one hundred and sixty feet. Farther 
to the north, the bluff presents a steeply sloping -face covered 
with superficial deposits. On the south, the escarpment is bold 
and conspicuous, rising to a hight of nearly two hundred feet, 
its face irregularly scalloped by narrow and short ravines. The 
highest points at the north and south are capped, underneath the 
Quaternary, by Coal Measure deposits, while between these points 
varying portions of the underlying rock have been removed by 
pre-glacial erosion. Patches of the St. Louis beds still crown the 
bluff at places north of Main street, while at its foot, erosion has 
extended to the Geode formation of the Keokuk beds. A drain- 
age basin occupies the interior of the city north of Soap creek, 
and opens into the valley of that stream a little above its mouth 
In this area the rocks above the Geode formation have been largeh* 
removed, leaving an amphitheatre-like depression, partially filled 
by subsequent deposits. These have suflTered considerable de- 
nudation, however, since the time of their deposition. Toward 
the northwest, the surface gradually rises to the narrow undula- 
tory plateau forming the divide between the drainage systems of 
the Mississippi and Des Moines rivers, and broadly scalloped on 
either side by subsidiary' drainage basins. At Montrose, the 
bluff recedes from the river, leaving a belt of high bottoms three 
or four miles wide between this point and Fort Madison above, 
lieds of sand and gravel are here found twenty to thirt}' feet above 
the present high-water level of the river. Between this point 
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and Keokuk, a band of water-worn shells of the same species as 
those now living in the river (Uniones) extends along both sides 
of the river at an altitude of fifteen to twenty feet above present 
high water mark.* There are indications that between these 
points the channel of the river in pre-glacial times was west of 
where it is now. 

Roch Series. — The following is an approximately complete seC' 
lion of the rock series as now known here.t 
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I. ROCK SECTION AT KEOKUK, IOWA. 

Thick. Depth. 

1. Sandstone with Stigmaria^ exposed .... 10' 

2. Black fissile shale 6' 

3. Coal 1-6^ 8-4" 

4. Fireclay 3' to 6' 

5. Black shale It ' 20 

6. Sandstone with Stigtnaria; rests upon 
the uneven surface of the St. Louis lime- 
stone. Lower portions include limestone 
fragments, and occasionally Litliostro- 

tion mnademe 10' to 20' 36' 



•/J 



7. Upper. Brecciated limestone. Stratifi- 
cation irregular. Portions abounding in 
greenish and graj^ clay. Limestone 
Fragments 5 to 12 inches in diameter, 
and more or less water-worn. Fossils 
usually in fragmentary condition. L. 
canademe 8' to 20' 50 

8. Middle. Light or bluish-gray sandstone. 
Calcareous above, more or less massive 

grit below 5' to 10' 58' 

9. Lower. Yellowish-gray or brown mag- 

nesian limestone. Archimedet voortheni .\2' 70' 



o 

'X 



J 



10. Upper or Oeode ForiruUion. Shales more 
or less calcareous, with occasional lime- 
stone layers. Filled with geodes 50 ' to 60 ' 1 10 ' 

I 11. Lower ^ or Limestone Formntion. Layers 
' variable, with one to six inch Clay part- 



i 



ings. Argillaceous below 60 ' to 65 ' 170 



♦Worthen refers to this as marking the low water level of the river at 
some previous period of its existence. Geological Report, Iowa (1858), 
vol. I, Part 1, p. 186. 

tThe exposures here comprise all the beds to the base of the Keokuk, 
including six to 'en feet of the underlying transitional chert beds now 
classed with the Burlington. The remainder of the section was derived 
from the records of the Hubinger artesian well kept by the writer and 
published in the American Geologist for October, 1889, p. 237. . 

IFor a fuller description of these beds see American Journal of 
Science, Oct., 1890, p. 295. 



186 Tlie American Geologist, Murth, iww 

J 12. Upper, Chert formation 80 ' 250 ' 

BuKLiNOTON. < 13. TAmer. Limestone 40 ' 290 

] Calcareous shale 65 365 

Kinder- J 14. Limestone 10' 366' 

HOOK. \ 15. Shale 196 560 

Hamilton. 16. Limestone (shaly) 65 ' 625 ' 

Oriskany. 17. Sandstone (water) 20 ' 645 

v,.«*»A U8. Limestone ("sandy") 55 700 

iN lAO ARA. J jg Sandstone (water) 37 737 

HuDS(WJ^ VER \ ^^' Cincinnati (Maquoketa) shale .... 68 800 

^Tr^Ston^^ I 21. Limestone, "sandy" below 140 940 

Lower (22. St. Peter's sandstone 110' 1050' 

Maonbsian< 23. Alternating limestones and sand- 
OR Ozark. \^ stones (water) 735 ' 1805 

Till. — The drift covering this part of the state belongs to the 
first glacial epoch. It is denominated the lower till and consti- 
tutes the attenuated border of the drift region. It gradually di- 
minishes toward the south and disappears in the vicinity Of St. 
Louis. The following section was obtained at the foot of Ex- 
change street on the bluff overlooking the river: 

SECTION II. 

4. Boulders, gravel and sand commingled. Boulders and 
gravel predominating. All more or less cemented to- 
gether by calcareous material. Boulders from 8 to 10 
inches in diameter 6 feet 

3. Boulders, clay, gravel, and sand in irregular patches. 
Same as No. 4, but boulders larger, frequently from 2 to 
6 feet in diameter 13 feet 

2. Blue clay, gravel and sand 1 to 3 feet 

1. Shales of the Geode formation 13 feet 

At the foot of Bank street, one block south, No. 8 was seen in 
contact with the Geode shales. In this division erratic l)oulders 
predominate, while above in No. 4 limestones are numerous and 
apparently but little removed from their original locality. Frag- 
ments of the St. Louis. Keokuk and Burlington limestones were 
observed. Some of the l)oulders were greatly exfoliated and de- 
composed. This, together with their cemented condition, has 
been adduced by Chamberlin and Salisbury as evidence of the 
early origin of the border till.* No striated Ijoulders were ob- 

*l'. S. Geol. Surv., 6th An. Rep., p. 264. 
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served. This may lie accounted for by the exfoliation which they 
have sutfered. Moreover, those rocks which have suffered little 
from this cause, were probably borne along within or upon the 
ice, Mr. Guthrie has shown* that boulders thus inclosed are con- 
stantly rolling upward in the same manner that the coarse mate- 
rial in roilj' water is whirled upward and outward to be deposited 
along the banks, or transported to some quiet resting place. 

Loess. — A cutting at the corner of Second and Des Moines 
streets not far from the above locality, discloses the following 
arrangement: 

SECTION III. 

7. Fine, dark drab or ash-colored material, becoming coarser 

below, and gradating into No. 6 8 feet 

6. Coarse red sand, mingled with finer particles; approaches 

a red clay in places 10 feet 

5. Fine white sand, interstratified with hard red iron oxide 

bands from 1 to 2 inches thick 4 feet 

4. The boulder bed underlying the above shows its relations 

to the preceding section ? 

Ftrrayiiioits Zone. — The uppermost division presents the typical 
characteristics of loess. No. 5 and the lower part of No. 6 are 
more or less stratified. No. 5 is made up of white quartz grains 
varying in size from 1 to 4 mm. in diameter, those above 2 mm. 
predominating. They are more or less rounded in outline, though 
angular forms are not wanting. The red bands show no variation 
except in the presence of cementing material in the form of iron 
oxide. No. diflfers from No. 5 in the added presence of grains 
from 4 to 10 mm. in diameter, and an abundance of iron oxide 
and finer particles. Under the microscope the oxide may be seen 
coating the sand grains, and in masses, along with the smaller 
particles, filling the interstices between the coarser grains. A 
vertical cut through the bed exposes small cavities with hardened 
walls, partially filled with clean white sand. The same white 
gmins may l>e obtained from the main mass by dissolving the 
oxide with hot hydrochloric acid, thus indicating the probable 
origin of these pockets in a leeching process, due to waters 
charged with organic acids derived from the decaying vegetation 
aljove. Rounded grains are common. The decided coloration is 
a prominent feature of this bed. Wherever laid bare it is easily 
traced for long distances. Just above Warsaw, on the Illinois 

♦Lake Michigan Glacier, p. 11. 
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side, is an exposure easily recognized from Keokuk several miles 
away. Pebbles of granite are occasionally found, but are not 
numerous. Chert fragments are frecjuent, and often occur in 
accumulated masses. I have also observed geodes distributed 
sparingly through the bed. Lime concretions occur in the upper 
portions. The deposit is mostly coarse and porous, and is some- 
times used for molding pur|>oses. This l)ed has sometimes l>een 
considered as representing the more important formation towards 
the south, called the Orange Sand. Ililgard, who fii*st studied 
these beds (Orange Sand), regards them as the southern equiva- 
lent of the northern drift, considering the materials of the two to 
be * 'essentially correspondent, " and asserts '*that there are but 
two essential particulars to distinguish it from the beds of the 
northern drift proper; first the absence or at least great scarcity 
of erratic rocks proper, ♦ * ♦ and secondly the great preva- 
lence of limited deposits of ferruginous sandstone or conglom- 
erate. * * In the drift of the northern stiites the ferruginiz- 
ing process has played but a subordinate part.*'* Until (juite re- 
cently this view has been sustained by nearly all of the geologistsf 
who have written upon the subject, those of Illinois alone dis- 
senting, and insisting upon their pre- Pleistocene character. The 
latter view has recently been confirmed l)y investigations in east- 
ern Arkansas under the auspices of the state geological survey. R. 
E. Call, who has made a special study of the Orange Sand, gravels, 
and Loess of Crowly's ridge, saj's that he regards the Tertiary 
age of these beds as unequivocal, t In a contribution to the same 
report, E. P. Salisbury sustains this opinion from confirmatory 
evidence gathered along the lower Ohio. Briefly, the reasons ad- 
duced by the latter for this disposition of the beds, are as follows: 

1. The unconformity which exists bet"sveen the loess and tlie under- 

lying gravels and sands. 

2. The profound weathering and oxidation which these formations 

underwent previous to the deposition of the loess. 

3. The constitution of the gravels of Crowley's ridge precludes 
their reference to the Pleistocene.g 



♦American Journal of Science, 2nd Ser. No. 128, p. 315. 

tSaflord, Am. Jour. Sci., 1864, Vol. 37, p. 361. 
Dana, J. D., Manual of Geology, p. 548. 
Leconte, Elements of Geology, p. 548. 
Loughridge, Jackson Purchase Region, Ky. Geol. Surv. 1888. 

JArkansas Geological Report, Vol. ii, 1889, p. 126. §8ame, p. 224. 
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Upon the last point Salisburj^'s statements are greatly at vari- 
ance with those of the majority of previous writers, for he sa3\s 
that, in the '^hundreds of exposures examined for this especial 
puri>ose. 710/ a single pehhle of demonstrahlij northern origin has 
ever been found.'' If the correlation of these beds with the Ter- 
tiary be accepted, and the evidence presented seems conclusive, 
it opens anew the question as to what constitutes the southern 
representative of the drift corresponding to the first episode of 
the first glacial epoch. This is found by the above writers in the 
lower division of the loess, above which is a zone of ozidation 
with traces of an old soil separating it from the later loess above. 
According to this view, it would seem probable that all the de- 
posits above the till at Keokuk should be referred to the loess, 
and if the ferruginous zone corresponds to that giving rise to the 
two-fold division suggested b}' the above authors, then we have 
the lower division of the southern loess represented here b}* the 
lower till and the ferruginous division above. An explanation of 
this, however, may be found in the peculiar location of Keokuk 
just within the border of the glacial area. In the retreat of the 
ice sheet to the north there would be de[K)sited first the material 
held by the ice, forming the lower till. But, iis the edge of the 
ice receded up the valley, the deposit would gradually change, 
becoming essentially estuarian in chanicter. Then followed a 
period of deglaciation during which, probably, oxidation played 
a prominent part. This constitutes the interglacial episode of the 
earlier glacial epoch. Then came the closing episode, during 
which, apparently, estuarian conditions prevailed, and the main 
bod}' of the loess was deposited. According to Chamljerlain and 
Salisbury this all l>elongs to the first glacial epoch after which the 
conditions of loessial deposit no more obtain, and the subsecjuent 
history of these regions is one of continued oxidation, erosion and 
rearrangement. 

In studying this formation we have been specially interested to 
learn if there is any significance in the fact that it is most prom- 
inently developed opposite and for some distance above and below 
the mouth of the Des Moines. In seeking an explanation of the 
probable source of the material constituting it, the agency of that 
river must not be overlooked. For a large part of its course it 
has been cutting its way through the sandstones and shales of the 
Coal Measures. About one hundred miles above its confluence 
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with the Mississippi occurs an excessive development of red. and 
variegated sandstone. In the vicinity of '*Red Rock," to which 
it has given name, this bed has a maximum thickness of 150 ' 
feet.* The material gathered by the river from this and other 
rocks in its course must have had some part in determining the 
character of the deposit forming about its mouth. 

The Upper Loess. — The upper portion presents the usual char- 
acteristics of typical Loess. A careful examination reveals the 
presence of <|uartz grains essentially the same as in the ferrugi- 
nous portion, but greatly diminished in number. The main mass 
consists of finely divided particles, rock-flour, varying in size 
from . 01 to . 05 mm. in diameter. They show no signs of attrition. 
A bare trace of iron oxide may sometimes be observed. No fos- 
sils were seen though the ^^lime balls" or <<loess-kindchen" held 
by some to be derived from fossil shells are common. 

Evanston,, III. 

EXPLANATION OF PLATE. 

ar,«j^ /^v^^«>f «« fl«.«*^ A\ I Horiasontal 1 to 19680. 
Scale (except Id figure 4). J yertical 1 to 1920. 

Fig. 1. Profile section (4i^ miles) from west to east, through Keokuk 
and Hamilton, 111., crossing the Mississippi Id the vicinity of the lower 
look of the Des Moines canal. 

Fig. 2. Profile section (8^ miles) from southwest to northeast across 
Keokuk Point, starting from a point midway between the mouth of the 
river and Des Moines bridge. 

Fig. 8. Profile section ^ mile southeast of No. 2, and parallel with it. 

Fig. 4. Profile section on Des Moines from the river to Sixth street. 

1, 2, 8, 4 equal 4, 5, 6, 7 of Section hi., p. 187. 



ORIGIN OF THE GRAVEL DEPOSITS BENEATH 

MUIR GLACIER, ALASKA. 

By Ihrael C. Rusbkll, Washington, D. C. 

LWith coutributiouH by Prof. G. Fbederick Wright, Prof. Harry Fielding Reld and Mr. 
11. P. CuHhing.l 

In an excellent article on the Muir glacier, in the October num- 
l)er of this journal, Mr. H. P. Gushing described the gravels on 
which the lower end of the glacier rests, but states that he is un- 
able to explain their origin, t 



♦Geological Report Iowa (1858), Vol. ii, Part l,p. 168. 
Keyes, C. R., Bull. G. S. A., Vol. ii, pp. 277-292. 

fThe same deposits are discussed by G. P. Wright in Ice Age in North 
America, pp. 57-61; and also in Ambuican Geologist, vol. 9, pp. 880-331. 
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1 made a hasty examination of the gravel deposit beneath the 
ice on the east side of Muir inlet, in 1890, and believe that if I 
can make clear to my readers how similar accumulations of gravel 
and sand are now forming in other portions of southern Alaska, 
we shall be able to come to an agreement as to the history of 
those under consideration. 

TiJE Lesson. 

About the outer l>order of the Malaspina glacier and at the foot 
of the Atrevida, Black and Lucia glaciers on the west side of 
Yakutat bay, there are immense ''boulder washers," as I have 
been in the habit of calling them, which are being deposited by 
over- loaded, glacial streams and have the essential feature of the 
"alluvial cones" or "alluvial fans," so common in arid regions, 
except that the material of which they are composed is in general 
more thoroughly rounded. They are also similar to the subaerial 
portions of the deltas of high-grade streams. 

One of the most characteristic boulder washers observed in 
Alaska, is on the east side of the Atrevida glacier, and has its 
apex at a locality where a creek of turbid water, called Esker 
stream, rushes out from a tunnel at the foot of a precipice 
of ice about 200 feet high.* The stream flows for two or three 
miles through a deep gorge, having a moraine-covered bluff of 
ice for its right wall for a large part of the way, and a precipi- 
tous mountain slope, loaded with morainal deposits, for its left 
wall. The gorge has })een formed by the melting back of the ice 
owing, in a great measure, to the action of the stream which flows 
through it. Many other sub-glacial streams emerge in a similar 
manner at the margins of the glaciers mentioned above. Some of 
these have cut back deep bays or canon-like recesses in the periph- 
ery of the ice; while others have failed to form re-entral angles 
of this character. Whether or not a local recession of the ice- 
front shall follow the emergence of a sub-glacial stream, depends 
on the volume and swiftness of the stream, and on the amount 
and size of the debris that rests on the ice, and as the ice melts, 
falls into the stream. When the stream is strong enough to keep 
its channel open, a deep notch in the ice-front may result; but 
when the debris from the sides and head of the recession is abun- 
dant, and especially when it is of large size, the channel frequently 

♦An illustration of the source of this creek is given in National Geo- 
graphic Magazine, Vol. 3, 1891, pi. 10. 
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becomeB choked, and the sub-glacial waters are forced to find a 
new outlet. 

In the case of the stream issuing from the Atrevida glacier, the 
channel is deeply filled with debris, most of it of large size, de- 
rived from the ice cliffs near its source, but the water is swift and 
the boulders are swept along the channel until they can find a 
resting place. When near the stream, one may hear, even alx)ve 
the roar of the torrent, the clashing and pounding of the lx)ulders 
as they are rolled along and hit against each other or against the 
still lai^er stones over which the water rushes. As soon as the 
cafion widens, the stream divides and piles up the bouldei*s, now 
on one side of its channel and now on the other, while the finer 
material is carried farther down. Owing to the deposition of the 
coarser portion of the heavy load with which the stream starts, its 
channel is built up higher than the adjacent surface, and conse- 
quently the drainage is unstable. Some three miles from its 
source the stream passes a spur of hills on its left and has room 
to expand its deposits. It then bifurcates again and again, and 
is constantly forming new channels. The region through which 
the stream flows is heavily timbered and the expansion of the tor 
rent-swept area is accomplished by invading the forest on either 
side of its course. AVhere this has occurred recentlv, the dead 
trees are still standing, and in some instances even retain their 
withered foliage ; farther out in the gravel deposit the}' are dead 
but unbroken; while still farther away, only trunks and stumps 
project above the barren, streiim-swept surface. The di»- 
bris thus licing laid down has the fonn of a segment of a low 
cone. The apex of the cone is four or five miles from its base, 
on Yakutat bay, and has an elevation of some six or eight hun- 
dred feet. Its breadth near its base is about two miles. The 
depth of the deposit cannot be determined, as building is in active 
progress and dissection has not l)egun, but judging fi'om the con- 
tour of the adjacent surface, is must l)e several hundred feet in 
the central portion. The deiK)sit is coarse and sub-angular near 
the apex of the cone, lx)ulders four feet in diameter being not un- 
common, but become finer and finer near its base. The outer 
portion of the deposit, near Yakutat bay, is com}X)se(l of trravel 
and sand. From the mode of its formation and the character of 
its surface, it is safe to lussure that it is cross-stratified through- 
out and has many abrupt alternations of fine and coarse material. 
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Trunks and branches of trees are scattered over its surface or im- 
bedded in the superficial layers. Portions of trees probabl}' oc- 
cur throughout the deposit, and beneath it over large areas, there 
must be a buried forest. Conditions are easily conceived whereby 
other forests might become buried above the first. 

The debris carried down by the stream is derived almost en- 
tirely from the moraines on the glacier from which it flows, and 
partakes of their heterogeneous character. Examples of all of 
the rocks bordering the east side of the Atrevida glacier occur in 
the stream deposit. 

Owing to the fact that the stream is overloaded at its source 
and is depositing in that region, it is evident that the apex of the 
cone is rising, and, consequently, that it is increasing in thick- 
ness throughout. The grade of the stream increases towards its 
source and will continue to increase as the ice wall from beneath 
which it flows recedes farther and farther. These conditions, to- 
gether with the constant bifurcation of the stream as it flows down 
the cone, thus decreasing its transporting power, make it evident 
that the cone will continue to grow in all of its dimensions until 
the glacier which feeds it, both with water and debris, ceases to 
recede, or until the ratio between water supply and the amount of 
debris contributed is greatly changed. 

Another boulder-wash which is being formed by Kwik stream, 
lit the foot of the Lucia glacier, is several times larger than the 
one described al)ove, but is of the same type. Many others of 
less size were observed at the extremities of the secondary glaciers 
about Disenchantment bay, and about the Iwrders of the Malas- 
pina glacier. These numerous examples seem sufficient to dem- 
onstrate that deposits of Ijoulders, gravel and sand of the nature 
of those noticed above, are dependent on the retreat of the gla- 
ciers about which they are formed. Should a glacier, after re- 
treating and depositing an alluvial cone, become stationary, it is 
evident that the amount of coarse debris contributed to the streams 
draining it would be greatly decreased. The streams would then 
be in a condition to erode the deposits previously laid down, and 
to cut channels through them. Should a glacier then advance, it 
might override or plough into the deposits about its front, and 
thus still further assist in their removal. 

Owing to the rapid disintegrati6n of rocks under the climatic 
conditions prevailing in southern Alaska, alluvial cones, more 
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nearly- allied to those of arid regions than are the great boulder - 
washers just described, occur at the mouths of high-grade gorges 
which join broad canons, or valleys, but it is not desirable to con- 
sider these at present. 

The Application. 
From the very clear description of the gravel deposits beneath 
the Muir glacier given by Mr. Gushing, as well as from my own 
hasty examination of them, I am inclined to think that they are 
of the same nature as the boulder washer to which attention has 
l)een directed. In describing the gravels beneath Muir glacier 
Mr. Cushing says : — 

"They were deposited by swift currents. The material is all coarse, 
alternating beds of gravel and sani, the gravel largely predominating, 
and with little or no admixture of clay. Rapid alternations of horizontal 
and cross-bedding characterize them. A considerable number of the 
pobbles in the gravel are derived from the eruptive rocks far to the 
north. They have their edges rounded but are much more angular than 
are st-mes which have suffered attrition in water for any considerable 
length of time. They have rather the aspect of somewhat water-worn 
glacial pebbles.* 

Other points of close similarity l>etween these gravels and the 
lx)ulder washes now forming, might be cited from the reiK)rts of 
Cushing and Wright; but it is better, perhaps, that the reader 
who is interested in this discussion should consult the original 
descriptions. 

If we assume that Muir glacier formerly retreated a few miles 
above its present terminus, so as to allow forests to occupy the 
region about the head of Glacier bay, and that from the cxtremit}' 
of the retreating glacier a boulder wash was spread out and in- 
vaded the forest, and should the glacier then advance and over- 
ride the deposit of Iwulders and gravel, we should have an occur- 
rence similar in every way to what is now found at Muir inlet. 

That glaciers of great thickness may overrun unconsolidated 
gravels, without disturbing them, is no longer open to question. 
An occurrence of this nature on a much larger scale than at Muir 
inlet, may be seen along the southern margin of the Malaspina 
glacier, midway between Icy bay and Point Manby, where the sea 
had encroached upon the glacier and for about three miles ex- 
posed a blutf of ice some three hundred feet high, resting on an 

♦American Geologist, Vol. 8, p. 219. 
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undisturbed gravel and }x)ulder deposit. The Quaternary gla- 
ciers near Mono lake, California, are known to have done the 
same thing, as is plainly recorded in the gravel-lined troughs 
through which they flowed, and which still retain their original 
contour. 

A more careful study of glaciers may show that there is a ratio 
between the grade of an ice stream and its rate of flow, which de- 
termines whether it shall erode or protect its bed, or permit of 
the accumulation of debris beneath the ice. 

The manuscript of this paper was forwarded in turn to Prof. G. 
Frederick Wright, Prof. Harry Fielding Reid and Mr. H. P. 
Gushing for criticism and suggestions. Their contributions to 
the discussion are given l>elow: — 

CoNTRim'Tiox BY Prof. (1. Fredkrick WRKiirr. 

^[r. Russell liaving kindly permitted me to read his paper upon **The 
Origin of the Gravel Deposits beneath the Muir Glacier, Alaska," and 
having asked me to add any suggestions which come to my own mind 
upon the subject, I would say that his explanation of the origin of the 
phenomena seems to me exceedingly probable, and gives great relief to 
mv mind. One fact which he has not mentioned which I had recorded 
(see Ice Age, p. 57) seems to agree perfectly with Mr. RusselFs observa- 
tions. On the west side of Muir glacier the gravel deposits which have 
covered the forests, and wliich are now in part overridden by the glacier, 
rise from KM) feet above sea- level at the southern termination of the de- 
posit, to more than 800 feet in the vicinity of the present ice-front, which 
seems to be exactly in accordance with Mr. Russell's theor>'. 

This explanation furnished by Mr. Russell of the perplexing facts in 
^luir Inlet illustrates anew the complicated character of the forces 
in operation during both the advance and the retreat of a great glacier, 
and sliows how competent a glacier is to account for most diverse classes 
of facts. With such a cause in the field, we may well hesitate long be- 
fore concluding that we have exhausted its capacity or resorting to un- 
known causes for the explanation of our facts. 

Oberlin, Ohio, Nov. 10, 1891. 

('oxTRim'TioN BY Prof. Harry Fielding Reid. 

The explanation given by Mr. Russell of the sand and gravel deposits 
on the shores of Muir inlet seems perfectly satisfactory. From Mr. 
Cushing's observations both he and I were convinced that they were 
formed by running water. The gravels in Main valley and in the valley 
of the Dying glacier probably have a similar origin; in these cases, how- 
ever, they sweep (juite across the floors of their respective valleys We 
often questioned whether the deposits on the two shores were ever con- 
nected, without finding any evidence pro or con. 
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The gravels forming these df posits vary in size from sand to pieces as 
large as one^s fist, rarely being much larger; so it is probable tliat ttie 
glacier is now somewhat more extended than when they were laid down, 
and that the upper end of the cone where larger and more angular roc 1(8 
would be found, is still under the ice some distance higher up the valley. 
The highest part of the bluff overlooking the Inlet is about 150 feet 
above tide, and occurs about where the glacier ended at the time of 
Prof. Wright's visit in 1886 (see map in "Studies of Muir glacier," shortly 
to be published in the National Geographic Magazine,) According to 
Mr. Kusseirs idea they should become higher as we ascend the valley; 
as a matter of fact they become lower, being almost at water level at the 
point where the ice-point stood in 1890. Hence if Mr. Uusseirs explan- 
ation is correct, and I think it very probably is, some 150 or 200 feet of 
gravel has been carried off from this point (and still more higher up the 
valley) since the former great retreat of the glacier. The angular rocks 
spread over the surface of these deposits were left there during the 
present retreat of the ice. 

Cbarpentier was the first one, I think, to notice that glaciers? will ride 
over gravels* It is a mistaken notion that sands and gravels do not form 
a solid bed. When prevented from yielding laterally, or, what amounts 
to the same thing, when in large amounts, they offer a remarkably firm 
support. In soft, marshy lands it is customary to make satisfactory 
foundations for buildings by driving in piles, withdrawing them, and 
then filling the holes with sand. 

Gletelmul, Ohio, Not. 23(J, 189L 

Contribution by Mr. H. P. CrsiiiNo.t 

I have read your MS. with great interest. It clears up several dcmbtful 
points, but I must confess that the main difticulty under which I labored 
in endeavoring to interpret the phenomena does not seem to bo helped. 
That the deposits were formed by overloaded sub-glacial streams was 
clear to me. It was not clear, however, and is not yet, how they could 
be deposited in such a location. A glance at Reid*8 map accompanying 
my paper, will indicate what I mean. Muir inlet is narrow and deej), 
and its shores are precipitous mountain slopes, except for the narrow 
»|)ace occupied by the gravels, which rest on an old forest soil. As 
stated in my paper, p. 221, suppose the ice to have retreated some few 
miles back, which is also required in your explanation. As the ice re- 
treated, sea water would follow it, certainly for a considerai)le distance, 
leaving merely a narrow sloping shore between the water and tlic* mount- 
ain slopes. IIow a stream could run along such a shore for any distance 
and build up such a deposit, I cannot conceive. After running at the 

♦Essai 8ur les Glaciers, 1841, p. 72, foot note. 

+Mr. Cushing's letter was not intended for publication, but permission 
was granted to'use such portions of it as I thought best. The parairraj hs 
given above are all that relate directly to the subject under di^cu^^sion, 
and are presented with a few slight verbal changes. 
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most a very short distance, it seems to me that it muHt have turned its 
course into the sea. That is, of course, with the relative levels remain- 
ing as at present. That is what puzzles me. With Muir glacier retreat- 
ing, and some distance away from this spot, how is a stream of water 
from the glacier going to be able to reach it? That Muir glacier did so 
retreat, and long enough to allow a forest growth on the mountains all 
around its basin to take place, is certain from the evidence there. (See 
my paper p. 223.) I thought it more probable that these gravels were 
deposited during a pause in the advance of tlie glacier which followed 
the recession, and when it was near this spot, simply because I was un- 
able to conceive how otherwise streams could have reached this spot 
with their gravels. If this point is well taken the natural conclusion 
would be that the conditions were in some way different from the pres- 
ent, and there being no evidence as to what that difference was, so far as 
I found, nothing rem^iined but speculation. Moreover the deposit 
reaches its greatest hight where it rests against the mountain slopes, 
in one place 600 feet above the water. Again, as you can see from the 
plate accompanying my paper, where the glacier rests upon these depos- 
its they regularly decrease in hight as the ice increases in thickness, 
showing a diminution in hight toward the north. This may be due to 
the ice over it, but I doubt it. 

This then is my main trouble ab^ut accepting your explanation. If 
Muir glacier should now retreat live miles, sea water, not forests, would 
occupy the large part of the territory deserted by the ice, and a long 
stream running along a narrow shore parallel to the coast line and 
building up a thick deposit thereon seems to me "agin Natur,'' as Josh 
Billings would say. 

}fum'h*n, GeriHany^ Der. 9, 1891. 

The main objection which Mr. Gushing urges seems to be that 
the gravels are found on the borders of Muir inlet, but are absent 
from the central portion, where there is now deep water. Tf the 
explanation I have suggested is the correct one, we must suppose 
that the alluvial- fan spread out by the streams flowing from Muir 
glacier during its retreat, advanced southward and occupied the 
entire width of the valley, and formed a delta w^hen the sea level 
was reached. Only the marginal portions of this deposit are 
now exposed; the central portion, and most of the surface, as 
suggested by Prof. Reid, having been eroded away. The greater 
erosion alons: the axis of the valley mav have been due to the 
advance of the glacier which was capable of re-opening the 
t?entral part of the channel where the ice current was deepest 
and most rapid, while remnants of the interglacial gravels were 
left at the sides. 

Wnsln'nytmi, D. C, Ihc. 2ii. ISUl, 
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EDITOEIAL COMMEIS'T. 



) 



THE SO-CALLED LAURENTIAN LIMESTONES AT ST. JOHN, NEW 

BRUNSWICK. 

We are obliged to Prof. Matthew for stating concisely the evi- 
dence of the Archean age of the limestones which at St. John 
contain the newly discovered fossils mentioned in the Geologist 
for Jannar}', p. 55. We do not intend to take issue strongly with 
Prof. Matthew on a question pertaining to the geology of his own 
region. We only intended, in our note calling attention to the 
possible primordial age of the fossils he has described, to direct 
his attention to the lack of demonstration that they are of the age 
to which he has assigned them. Since he has taken the pains to 
question the validity of our doubt, we will state more fully the 
several facts which form its basis: 

1. The base of the Taconic (which here we use as equivalent 
to primordial), is everywhere a quartz3^te associated with a lime- 
stone. Usually the limestone overlies, but in some cases it is in- 
terbedded with or blended with the siliceous rock, constituting a 
fine-grained chert}' limestone. It is not necessary to mention all 
the localities where this is known to be the succession. In A^er- 
mont it em])races the Granular Quartz and the Winooski marble, 
followed bv a series of reddish, tufaceous, siliceous sandstones 
and shales which are probably the remote effects of oceanic vol- 
canoes which broke out immediately after the deposition of the 
Winooski limestone. It is a desideratum to ascertain the strati- 
graphic succession from the limestone to the chronologically over- 
lying strata in the Vermont district, but further south Prof. Dana 
has traced the limestone (under the name of Stockbridge lime- 
stone) through Massachusetts and Connecticut to Courtland, N. 
Y., where he found it upheaved and overwhelmed in the eruption 
of the Courtland gabbros. Intermediate points indicated that 
they t<X)k on the aspect of crystalline rocks, and indeed that much 
of the ^^Laurentian" of western Massachusetts and Connecticut 
(in which to this day no fossils have been found) is of the age, ex- 
actlv or nearly, of these basal Taconic rocks. The mineral chon- 
<lrodite was considered diagnostic of the Laurentian age of this 
iimestone. 

2. In A'ermont characteristic Taconic fossils have been found 
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by Mr. Walcott in this (luartzyte, and in nortliwestern New Jersey 
tliey have been found b}' Mr. Beeeher in the same strata uhsocI- 
atf'd icith chondrodite. These strata are unconformable below the 
later series at Rutland, Vt. 

3. The Courtland (N. Y.), gabbros are repeated, and of the 
same age, in the Adirondacks. They here broke out at the same 
date and buried these strata under immense floods of eruptive 
rock. As in Vermont and in eastern New York this horizon is 
the great iron-bearing horizon of the region ; but in northeastern 
New York an element is introduced into the iron which is not 
found when there was no actual outflow of basic rock, viz.^ titanic 
ores abound, these being a characteristic native element of gabbro, 

4. It is only recently that the efl^ect of this early Taconic 
eruptive period has been located farther north, n'x.^ in the St, 
Lawrence valley. Mr. Ells has carefully descril>ed the so-called 
"Quebec Series" of the Canadian geologists. He has found the 
primordial portion of it to consist of two parts, viz. , a series of 
shales and sandstones, and a series of quartzytes and limestone, 
the latter series being nnconformahh'. hcloic the former. This un- 
conformity we take to mark the date of outbreak of the Adiron- 
dack and Courtland eruptives, and especially so as the rocks are 
said to contain large admixtures of volcanic materials, and as the 
lower strata are lithologically identical with those which ante- 
dated that outbreak in Vermont and New York. The red shales 
of the upper Sillery are the Georgia shales and sandstones of A''er- 
niont. 

5. Without referring to intermediate localities, the strati- 
graphy of which might be considered, in this review, of (question- 
able purport, we will mention only the succession in the North- 
west. In northern AVisconsin, according to Prof. Van Ilise, not 
only are the basal rocks of the upper iron-bearing series (the Ta- 
conic) a cherty limestone and a quartzyte, but (in erosion interval y 
introducing a distinct non-chronologic succession and an uncon- 
/br//iiV^. separates them from the later strata of what he has called 
Huronion but which we consider the later Taconic. Although 
there is a belt of gabbro rocks at other points in Wisconsin their 
relation to this erosion inter\'al and to this non-conformit}' has not 
Ijeen pointed out by the Wisconsin geologists. 

G. However, on the north side of lake Superior, where Prof. 
Matthew has described primordial fossils from the strata succeed- 
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EEVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



The three following papers are extracts from the Tenth Annual Re- 
port of the New York State Geologist, 1891. 

1. Noie« on th^. gentut Aridaspis^ 13 pp., 3 plates. By J. M. Clarke. 
In his revis'on ol Acidasjns and related genera the author adopts a rela- 
tion towards the earlier work of paleontologists which it is to be hoped 
will be more generally followed. ''To ascertain as far as possible from 
the descriptions by earlier writers, their intentions. The original diag- 
nosis may have been brief, all too brief to satisfy the present require- 
ments of our science, their illustrations insufticient or faulty, but it will 
not suffice to reject a name upon these grounds alone. Too imperfectly 
described to be identified,' is a decree which often veils an unbecoming 
aspiration after immortality unrelieved by an abiding conviction of the 
necessity and justice of making every effort to establish the results of 
another's investigations.'' 

CeratocepJuiln, Warder, is retained and defined. Barrande objected to 
the use of this name on the ground that a very similar name liad been pro- 
posed earlier by de CandoUe, Geratoc^pJialus. " For us, however, the ex- 
istence of de CandoUe's term does not in the least affect the value of that 
of Warder, as the two words are different." In this connection we will 
restate a pertinent question recently raised in an editorial on " preoccu- 
pied names," in the American Naturalist for July, 1891: " If a difference 
of two letters is not enough to preserve two names, it becomes a (luestion 
how many letters will constitute diversity, and so on. * * * The fact 
is the changing of a name which differs by a single letter from another 
name has no warrant in any rule or in common sense." 

The author then gives the history of a number of related generic 
names which have more or less fallen into disrepute but are shown to 
have a sub-generic value. Ceratocephala is divisible into two sections; 
the first with (1) Odontopleura, Emmerich, (2) Acidaspis, Murchison (syn. 
AcantfiolonMj Corda), (3) Ceratocephala^ Warder (syn. Trapelocera, Corda), 
and (4) Dicranurus^ Conrad; the second section with SeUnopeltis^ Corda 
(syn. Polycres, Ronault). A new sub-genus, Ancyropyge, is established on 
Acidaspis romingeri Hall, with the generic relation nearest to Cerato- 
cfphaht. 

. The North American species of which sufilcient is known for sub-gen- 
eric classification are arranged thus: Ccrator^phaht^ Warder sensu 
stricto: C. goniata Warder (syn. Acidaspis danai Hall, A, ida Winchell 
and Marcy). Acidaspis, Murchison: A. ancharalia Miller^?? A. cernUpta 
Anthony, A. TuherculatiLS Conrad. Odontopleura^ Emmerich: O.trenton- 
ensis Hall, sp., 0. parcula Walcott, sp., 0. halli Shumard, sp., 0. rrossota 
(Locke?) Meek, sp., 0. o'n^nlli Miller, sp.,0.orfo/it Foerste, sp , 0. callicem 
Hall, sp., Dicranums Conrad with hamaius Conrad. Ancyr&pygCy Clarke 
with romingeri. 
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(liiiiinted with the nuliments of the science. Otherwise they will 
Ik* only blind leaders of the blind and will meet the traditional 
fate of such leaders and such led. 

We take the following from the * 'Mineralogists' Monthly" 
for January, 1 Hl>2. As this periodical has reached its seventh 
volume we think it should have outgrown its childhood and be 
incapable of perpetrating such enormities and of misleading those 
among its readers who know no better than its editor. 

'*Ani(>nij:oth<»rspeciinon8we observed a six-sided prism of quartz which 
we were told by its owner was in a plastic state when taken out of 
the ([uarry. This gentleman showed us the portion of the prism he had 
cut off before the erj'stal hardened which it did very soon after being 
exposed to the air/' 

"We (the contributors of the note) are not sufficiently versed in the 
mysteries of mineralogy to be able to say positively whether a quartz 
crystal, however pure or impure, can be dissolved or made plastic by the 
action of strong acids except the powerful hydro-fluoric.-' 

Again w(^ read: 

"A Passaic stone-cutter has a curiosity, a petrified rat, found in a block 
of brown stone. While preparing a six-foot block his chisel sank into a 
cavity The workmen thought it strange and laughingly advised him to 
examine it, snggesting that it might contain a diamond or a nugget of 
gold. He peered into the hole and was astonished on finding a petrified 
animal resembling a rat. Every part was well preserved. Experts are 
sure that it is a rat. The little creature's anatomy had remained perfect 
for all the period since the formation of the stone. Every claw, tooth 
and vertebra was present and well preserved. The skin had lost its hair 
and time had dried the fornk slightly but petrifaction had preserved It 
in its dark prison." 

The stone-cutter's astonishment was justifiable, but there is 
cause for greater astonishment in the fact that at the present day 
an e<litor of a socalled scientific magazine can 1^ found who 
is willing to publish such stutT. All editors get more or less of 
this sort of rubbish and while tln>se stories may pay in a sensa- 
tional newspaper they are utterly out of place, not to say dis- 
graceful, in the columns of the cheapest scientific journal. Of 
what value is an editor if not to winnow out such chatf from the 
wh<»at? It is fair to presume that in this case the editor knows 
more than would l>e inferred from the extrac'ts given above. 
Otherwise he would scarcely assume the i>osition of conductor of 
the -'Mineralogists' Monthly.'* But if he desires success in the 
field on which he has entered we counsel him to aim at a higher 
standard and to Ik? more critical over the matter that he chooses 
for insertion. Otherwise even at fifty cents a year his periodical 
will --take in' rather than '-be taken in.'" 
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The divisioD of the Cambrian into Lower, Middle and Upper is ad- 
hered to throughout the volume, and the country is divided into four 
great provinces as follows: The Atlantic Coast or Eastern Border; the 
Appalachian; the Hocky Mountain or Western Border; and the Interior 
Continental or Central. Under each one of these heads is given a his- 
torical review of the literature pertaining to it; and it is followed in each 
case by a notice of the paleontology. This serves as an index to the 
species described from various localities and by different authors. 

The recognition of the Cambrian as a separate and distinct geological 
system or group is of (luite recent origin. Most of the early writers who 
described rocks now referred to the Cambrian placed them in almost 
every system but that one. The Potsdam (St. Croix horizon) now the 
Upper Cambrian, was lon^ considered to be the base of the Lower Silur- 
ian. The age of the Braintree, Massachusetts, beds (Middle Cambrian) 
was not known until about 1857, when the identification of Parculoxides 
from there caused them to be referred to the Primordial of Barrande, 
below the Potsdam. These beds were then supposed to be the oldest on 
the continent, and they were regarded as Lower Cambrian until 1888 
when Mr. Walcott observed in Newfoundland rocks containing a similar 
assemblage of fossils above a zone with Olenellus. It was only then that 
in America the actual sequence of the Cambrian formations was settled, 
bringing about an agreement with the earlier determinations of the Scan- 
dinavian geologists. It is easy to see that the study of the group is in its 
infancy. 

These facts have rendered it difficult to arrange the material in a con- 
venient form for reference, and have made it nearly impossible to pre- 
sent any detailed study of correlation. We find, therefore, that the bul- 
letin is a history of the literature of the Cambrian rocks in America, and 
the great, number of problems still awaiting solution (covering eleven 
pages of the bulletin), serve to show how much remains to be done be- 
fore a full knowledge of the group is obtained. 

In the synopsis of the group (p. 359) it is said that the Cambrian is 
firmly established by the presence of 6,000 feet of limestone and 10,000 
feet of ([uartzite in the Rocky Mountain region; by over 12,000 feet of 
quartzites, shales, slates and limestones in the Appalachian region; by a 
continental distribution and a characteristic, highly differentiated fauna. 
This is followed by a table giving the typical exposures of the Upper, 
Middle and Lower Cambrian and the rocks correlated with them. In 
fiubstance it is as follows: 

Type. Correlationit. 

AdiroudackH (N. Y.) 

DiitcheHH Co. (N. Y.) 

Marble Belt (Vt.; 

Knox Shales (Tenn.) 
TTnn<,n Couoasauga (Ga. and Ala.) 

r.Jun.^v Potsdam J St. Croix (MUh. Valley.) 
CAMBRIAN. Tonto (Arizona.) 

Katemcy (Texas.) 

Hamburg (Nevada.) 

Gallatin (Montana.) 

Belle Isle (Labrador.) 
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Middle 
Cambrian, 



Lower 
Cambrian. 



Georgia 

Red SaiHl- 

Rock 



\ Braintree \ Stissing (N. Y.) 

- »t. John Corsa (AU.^ 

\ Avalon { Mt. Stephen (Brit. Col.) 

Granular Qnartz (N. Y and Vt.) 
Chilhowee (Tenn.) 
Labrador. 

Placentia (Newfonndland.) 
Hanford (N. B.) 
Attleborough (Mass.) 
Prospect (Nevada.) 
Cottonwood (Utah.) 
Castle Mt. (Brit. Col.) 

The base of the Cambrian is drawn at the lower limit of the Oleaellus 
fauna. The summit of the group while placed at the upper limit of the 
Dikelocephalus fauna is in the Nevada district drawn arbitrarily, for the 
genera Asaphy^, DikHocephalua and Ptj/choparia occur there on the same 
surface of rock. "It is not, however, by the specific break in the fauna 
that the two groups are separated; It is the general facies of the fauna 
referred to the Cambrian and that referred to the Silurian" (p. 363)- 

Three maps accompany the bulletin. One of these shows the outcrop 
of Cambrian rocks in the various provinces into which the country has 
been divided. A second shows by vertical sections the sedimentation at 
different points, and on a theoretical section the vertical contour of the 
continent at the end of Cambrian time, while the third is a hypothet- 
ical map of North America at the beginning of Lower Cambrian time. 
Many subjects are treated which cannot be alluded to here, and the bul- 
letin is full of information for those desirous of a better acquaintance 
with the rocks of which it treats and the pioblems connected with them 

A Classification of Mountain Ranges According to their Structure^ Origin 
undAge, Warren Upham. (Appalachia, Vol. vi, No. 3.) 

This consists of a review of the mountain systems of North America, 
"with incidental mention of some others. Its evident purpose is to make 
•clear the relation in time, and inferentially in cause and effect, between 
mountain elevations in the later Tertiary and earl}' Quaternary time, and 
the Glacial epoch. This central idea finds its illustration in the mountain 
ranges of the western portion of North America. The "arched mount- 
ains" illustrated l)y theUinta range of northeastern Utah, dating from 
•early or middle Tertiary, and by the Junction and Yampa mouutains, 
dating from the same time; the *'domed mountains," viz: the laccolitic 
Henry mountains in southern I'tah, rising about the middle of the 
Eocene; the "tilted mountain" ran.<o:es, such as the Wahsatch and the 
Sierra Nevada which were formed in early Quaternary time, and the 
later smaller tilted ranges of the "great basin" — blocks of the earth's 
crust raised bodily above the surrounding areas by abrupt fractures that 
penetrated deeply through the strata and then settled unequally, so as to 
assume a "tilted" position; — and many "erupted mountain ranges," or 
volcanic cones and ridges formed by ejected lavas, bombs and ash, per- 
fectly illustrated by the Cascade range which crosses Oregon and Wash- 
ington, dating from late Tertiary and early Quaternary, — all these, which 
constitute some of the most unique and remarkable mountain ranges of 
the United States, are shown to have been produced just prior to, or con- 
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temporary with, the greatest extension of the glaciers of the Glacial epoch. 
The author believes that the great weight of the accumulated ice caused 
a sinking of the earth's crust, and that such sinking had its complenif nt 
in the contemporary rising of other areas nearly contiguous, or perhaps 
more remote, causing fractures, faults, volcanoes, laccolites and elevated 
domes. 

Mr. Upham also traces a relation between the great ancient lakes 
(Bonneville and Lahontan) and the glacial period. The first flooded 
stage he considers was contemporary with the second glacial epoch, and 
the second high stage was due to a third epoch of glaciatiou in the 
northern part of the Cordilleran region. 

These orogenic movements, so called by Gilbert and White, are to be 
distinguished from the epirogenic, which consist of slower and grander 
elevations of large continental areas. The unequal denudations of these 
larger areas result in the carving out of mountains which constitute Mr. 
Upham's sixth class — "eroded mountain ranges." Such are the Crazy 
mountains in Montana, and the Highwood mountains, twenty-five miles 
east of Great Falls. Turtle mountain, Pembina mountain, Hiding, Duck 
and Porcupine hills in North Dakota, illustrate this structure. This 
epirogenic movement also took place at the close of the Cretaceous, or 
early in the Eocene. Indeed, the "Tertiarj^ era seems to have been ter- 
minated, and the Quaternary ushered in, by a new epirogeni»'. differen- 
tial uplifting of this continent, causing the accumulation of the ice-sheet 
of the first Glacial epoch." * * * "There have been two epochs pre- 
eminently distinguished by extensive mountain plication, one occurring 
at the close of the Paleozoic era. and another progressing through the 
Tertiary and culminating at the beginning of the Quaternary era, intro- 
ducing the ice age." * * * "With the culminations of both of these 
great epochs of mountain building, so widely separated by the Mesozoic 
and Tertiary eras, glaciatiou has been remarkably associated, and indeed 
the ice accumulation appears to have been caused by the epirogenic and 
orogenic uplifts of continental plateaus and mountain ranges.'' 

Within the scope of the paper the author has gathered most of the 
collateral American data derived from a study of mountains, which go to 
illustrate, if not to demonstrate, his theory of the cause of the glacial 
epoch, viz., continental elevation. 

General Account of the Fresh-water Morasses of tlu United States, with a 
description of the Dismal Swamp District of Virginia and North Carolina. 
By Nathaniel SouTHcjATE Shaler., pp. 255-339; with plates vi-xix, and 
37 figures in the text. (Accompanying the Tenth Annual Report of the 
Director of tie U. S. Geol. Survey.) 

The swamp lands capable of drainage and use for agriculture iu the 
United States, east of the Cordilleran mountain belt, are estimated to 
comprise somewhat more than 100,000 square miles. Professor Shaler 
states that fully one-fifth of the most fertile fields in Great Britain and 
Ireland, also large tracts in northern Germany and in the valley of the 
Po, have been won in such bog districts: and he believes that the agirre- 
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i^ate value of these now inundated areas in tbe eastern half of our countrj' 
when drained and brought under cultivation, will be not less than that 
of all the present rich farming lands of Ohio, Indiana and Illinois 
together. 

The processes of formation of the delta swamps of the Mississippi valley 
from the Ohio river to the gulf of Mexico are admirably described. Thi« 
great river is remarkable in being the only one on our continent that has 
formed a delta tilling the inlet of the sea at its mouth and projecting 
beyond the general coast line. From the indentations of the shore at the 
mouths of other rivers, the most notable being the Chesapeake and Del- 
aware bays, into which the tributary streams have built no delta depos- 
its above the sea level, it appears that the continent has lately been much 
elevated and more recently has undergone subsidence. 

Vegetation in many forms, as peat mosses, forests and their under 
brush, and the mangroves of the southern coast, have been very efficient 
to retard the drainage of lands having only slight slopes, thus producing 
swamps and extending their area. The surface of the Dismal swamp 
has ji descent toward its borders at an average rate of about twenty inches 
per mile, and the forest is extending itself into the shallow lake Drum- 
mond in the central part of the swamp. 

Pliocene sand beds, which have yielded twenty-nine species of marine 
shells, five of them extinct, underlie the Dismal Swamp district, and are 
thinly covered by unfossiliferous Pleistocene sands. The Nansemond 
escarpment, cut by the sea in the upper sands when the district for some 
time was submerged about thirty feet more than now, extends from 
Suffolk, in Virginia, south to Albemarle sound, and forms the west border 
of the EMsmal sSvamp. The changes of relative elevation thus indicated, 
and several other small oscillations preceding and following it, of which 
the region affords evidence, are regarded as not improbably referable 
chiefiy to the effect of ice attraction upon the sea, and to the subtraction 
of its water to form ice-sheets, during the epochs of glaciation of the 
northern part of this continent and of Europe. 

The Penokee Iron hearing Series of Michigan and Wisconsin, By 
RoLASD DuER Irving and Charles IIichard Van Hise, pp. 341-507; 
with plates xx-xlii, and five figures in the text. (Accompanying the 
Tenth Annual Report, U. 8. Geol. Survey.) 

This is an abstract of a monograph by these authors, which is now in 
press and will soon be published. A belt a few miles wide and about 
eighty miles long, extending from lake Gogebic, in the upper peninsula 
of Michigan, westward to lake Numakagon, in northern Wisconsin, is 
elaborately described; and the origin and relations of its rock formations 
and of its large deposits of hematite, recently opened by extensive mining 
operations, are discussed at length. Owing to the lamented death of the 
senior author after this work was far advanced, its preparation for pub- 
lication has been chiefly done by his associate and successor in charge 
of the Lake Supeiior division of the survey. 

The Penokee series, occupying a width that varies from a quarter of 
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a mile to about three miles, is underlain oq the south by a complex 
group of granitep, gneisses, and schists of Archfleao age, and is overlain on 
the north by the interbedded eruptive and fragmental rocks of the- 
Keweenawan series, the whole section having a steep northward dip. 
The Penokee and Keweenawan series are classed together as belonging 
to the recently named Algonkian period, between the Archa'an or Lau- 
rentian and the Cambrian or Taconic, nearly equivalent to the Huronian 
period of the Canadian geologists. 

A cherty limestone, attaining a maximum thickness of 300 feet, is the 
lowest member of the Iron-bearing series in the Penokoe region. 
Whet 'er it was originally of chemical or organic origin is undetermined, 
but it gives no evidence of having been fragmental. 

The next member, called quartz slate, is a detrital formation, averag- 
ing about 450 feet thick. 

Upon this rests the iron-bearing member, in which all the known ore 
bodies orcur. It is mainly about 850 feet thick, and consists of slaty and 
often cherty iron carbonate, ferruginous slates and cherts, and actinolitic 
and magnetitic nlates. All these rocks are believed to have had a 
chemical or organic origin, none being accumulated as mechanical 
detritus. The ores are soft, red, somewhat hydrated hematite, derived 
by concentration from the lean carbonates of the formation through the 
action of infiltrating surface waters during or after the ui)lifting and 
partial erosion of the series. 

Succeeding next above these strata is the upi)er slate member, the 
highest of the series, which in places is several times as thick as the 
three lower members combined. It is a slate or mica schist, chierty 
composed of ({uartz and feldspar, and thin sections usually reveal its 
fragmental cliaracter. 

The four divisions are conformable with each other through all their 
extent. Many dikes of diabase, varying from a few inches to ninety feet 
in width, intersect the series, which also in some portions contains- 
interbedded sheets of diabase, apparontly intrusions rather than over- 
flows. 

Eknifutx of CryHtalloyraithyy by (J kg. H. Williams, Ph. I). Second 
edition. New York. Henry Holt «fe Co. ISDI. 

rhe appearance of a second edition of the **Elements of ( rystallo- 
graphy" so soon after the issue of tlie first, is the best proof of the need 
which has existed for such a book. Hitherto there has been no satisfa('- 
tory exposition in the Englisli language of elementary crystallograi)liy» 
if we except, i)erhaps, Bauerinan's ''^^yKtern'ttic Mineralof/f/," which has 
not met with favorable acceptance in tliis country, aad wliich in some of 
its features is objectionalile as a book for beginners. With the growth 
of the science of mineralogy, particularly on its physical side, with the 
increasing interest among chpinists in the relations between chemi- 
cal properties and crystallographic form and with the rapid modern de- 
velopment of petrography as one of the most important departments of 
jreoloirical science, there has sprung up in these various departIneut^ of 
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instruction a very urgent demand for an elementary text book of crj's- 
tallography. That Prof. Williams' book meets this demand will be con- 
ceded by the great majority of teachers and students of the subject. 

Apart from its practical aspects as an essential auxiliary to the study 
of mineralogy, petrography, chemistry and physics, crystallography has 
an important place in any thorough educational scheme as affording 
probably the best insight into the symmetry of natural forms ; and in it» 
philosophical suggestiveness as to the constitution of the universe, the 
study iB entirely comparable to the study of elementaiy astronom}*, the 
laws with which the student becomes familiar in both subjects being 
alike mathematically rigid and yet extremely siihple. 

For many reasons, therefore, it seems probable that the stud}' of crys- 
tallography will in future play a more important role in American col- 
lege and university curricula than has been its fate in the past, and we 
therefore welcome gladly this clear and concise treatment of the elemen- 
tary principles of the subject as a vigorous step in that direction. 

The book is not eutirely above adverse criticism, but its shortcomings 
are few when compared with its many good qualities. The considera- 
tion of the theoretical possibilities as to the mode of molecular arrange- 
ment in crystals, which meets one in the opening chapter, might with 
advantage to the student if not to the book, have been postponed till the 
concrete actualities of the subject had been discussed. The numerous 
cuts throughout the book are well executed, and the two plates, one of 
limiting forms and the other of combinations in the isometric system, 
are all that could be desired. Prof. Williams Is to be congratulated on 
the success of his book and of his efforts to present to American stu- 
dents in simple form a department of science whose proper treatment 
has up to the present been found only In the elaborate works of the 
(German authors. 

SysU'inatic Mineralogy ^ hatted on a natural classification. Thomas 
Sterry Hunt. 8vo, 391 pp. The Scientlflc Publishing Company, New 
York. 1891. 

No student of mineralogy can pass beyond the stage of the novice with- 
out becoming painfully aware of the loose, If not chaotic, condition of its 
systematic nomenclature. The most trivial circumstance or quality h s 
often been exalted above the fundamental principles of chemical compo- 
sition in assigning a mineral species a name or a place in classification. In 
the infancy of the science It was nece8sar>'to apply such designations, but 
as these became often synonyms, or as they were multiplied through the 
labors of man}' investigators, it became apparent that some system of 
classitication and elimination must be chosen. Ttere sprung up two 
rival schemes, known as the ^'natural history" method and the "chemi- 
cal" method. Werner, Mohs, Jameson, Brelthaupt, Shepard, and, at 
first, Dana, employed the natural history method, and Berzellus, Clarke, 
Cleaveland, Phillips, Rammelsberg, and at last Dana, and nearly all later 
authorities, employed the chemical method. The former ignored chem- 
istry, and the latter Ignored the physical characters, speaking broadly, 
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and they were therefore at once, and continually, in antagonism. Mean- 
time, as a common ground, on which they could compromise, the con- 
testants, by the necessity of intelligent discussion, fell mutually into the 
practice of using ^Hriviar* names for all mineral species, and as time 
elapsed these names have become, at this day, the only ones in use. The 
chemical classification, though not having nny acceptable nomenclature 
based on it, has boen strengthened by continual advance in the knowl- 
edge of the chemical composition of minerals, and in the philosophy of 
chemical combinations, until it is not too much to say that not any living 
author of systematic mineralogy, however strongly he may insist on 
physical characters, but discusses and depends largely on the composi- 
tion of minerals for the ultimate determination of their places in his 
scheme. In nomenclature, however, there has been little or no change. 
It is Dr. Hunt's task to show that physical characters are but the ex- 
pression of chemical characters, and that they cannot be divorced, and 
that a ^'natural classification'* must take cognizance of both. He has 
presented therefore a system which is both witunil and cJiemical, and has 
covered it with a binomial Latin nomenclature which divides all the 
known minerals into classes, orders, genera and species. The classes 
and orders are determined essentially on chemical grounds. The genera 
are arranged from physical difference and resemblances, and the further 
definition of the species is the work of chemistry. All the mineral 
species are divided into four classes — Metallacea*, Halidacea', Oxydacea* 
and PjTocaustaceji'. Order IV, in the class Metallacert*, is thus com- 
posed : 

Order IV. PYRITrNEA. 
(jeniiH I. Pyrites. 

Metallic sulphides //> 5. r <5 

1. Pyrites rutheneuH Laurite. 

2. " vuljjarif* Pyrlte. 

8. " HecundiiH MarcHHite. 

4. *' cobaIt««U8 Liiina-lte. 

r>, " niccoleus Siecenlte. 

rt. " ciiprocobaltent* Carrolllte. 

7. " chromicns Daubroellte. 

The work, with its accompanying discussions of chemical philosophy 
and mineral physiology, is the culminating result of a life-long study, 
We consider it Dr. Hunt's chf (V osuvre, and the most important addition 
which American authors have made to the science of mineralogy. Dr. 
Dana's great volume. System of Mineralogy^ is a vast compilation, ar- 
ranged under a loose chemical classification, but makes no attempt to 
justify its philosophy— if it may be said to have any. On the contrary^ 
Dr. Hunt's work marks an epoch in tlie science, as it discusses from new 
standpoints and readjusts, in accordance with the latest chemical philos- 
ophy, all the discordant material, and establishes a fundamental skeleton 
on which the future may build a symmetrical structure in mineralog}\ 
It seems to answer to mineralogy as the classification of Linnauis does 
to l)Otany. 

Guide to Baltimore^ icith an Actount of the Geology of its Encirons. 
GEoniiE H. Williams. Prepared for the American Institute of Mining 



Recent Publications. 211 

Engineers, Baltimore meeting, February, 1892, 12mo, cloth, pp. 139. 
Issued by the Local Committee. 

Besides the usual announcements and descriptions of the institutions 
of the city this volume contains a concise account of the geology of Bal- 
timore and its vicinity, ivith two geological maps, based on excellent 
contoured maps by the U. 8. Geological survey (** Baltimore sheet"). The 
crystalline rooks are described by Dr. Williams, and the physiography 
of the origin and geology of the sedimentary rocks by N. H. Darton. It 
makes a very useful and valuable compend for the general student of 
the region. 

Deacriptioii of a new species of Pamnka from the Corniftr(ms Limestone 
of Ontario, by J. F. Whiteaves.— (Can. Rec. Scl. Vol. IV, No. 8, Oct., 
1891. pp. 401-404, with plate.) 

Paiwnkii f/randis, the species described was collected at St Mary's, 
Ontario. The specimen figured is six inches and four-tenths in length, 
and four inches and two-tenths in hight. 

Xotr on th4i Ocfurremr of Pan-eispiral Opereula of Gasteropoda in t/ut 
ihulph tWiiMtion of Ontario, by J. F.Wiiitkaves. (Can. Kec. Sci. Vol. 
IV No. 8. Oct 1891. pp. 404-407.) 

A specimen figured has a length of 20 mm. and a breadth of 10 mm. 
They resemble the opereula of Litorina and Natica, and the conjecture 
is hazarded that they may belong to Holopea gracia or H. harmonia, of 
Billings. 

Short Notes on some Oanidian Minerals, by W. F. Fbrkier. (Can. Kec. 
Sci.Vol. IV, No. 8, Oct., 1891. pp. 472-476, with plate.) 

The minerals noted are nntice arsenic from near Thunder bay, lake 
Superior, molyhdenite from Labador; Hplialerite or blende, from Bauce 
Co., Quebec; particularly fine crystals of pyrite; martite from Lanark 
Co., Ontario; kermesite from Haut Co., Nova Scotia; quartz crystals 
with concave faces; black npinel from Ottawa Co., Quebec; anhydrite 
and yypsnm from the Laurentian crystalline limestone of Lanark Co., 
Ontario. 

RECENT PUBLICATIONS. 



/. State and Oocerntnent Reports, 
The following bulletins of the United States Geological Survey have 
recently been issued: No. 62: The Qreenstone-Schist Areas of the 
Menominee and Marquette Kegions of Michigan, by G. H. Williams; 
No. 65: Stratigraphy of the Bituminous Coal Field in Pennsylvania, 
Ohio, and West Virginia, by I. C. White; No. 67: The Relations of the 
Traps of the Newark System in the New Jersey Region, by N. H. Dar- 
ton; No. 68: Earthquakes in California in 1889, by J. E. Keeler; No. 69: 
A Classed and Annotated Bil)liography of Fossil Insects, by S. H. Scud- 
der; No. 70: Report on Astronomical Work of 1889 and 1890, by R. S. 
Woodward; No. 71: Index to the Known Fossil Insects of the World, 
including Myriapodn and Arachnids, by S. H. Scudder; No, 7?: Altitudes 
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between lake Superior and the Rocky mountains, by Warren Upham; 
No. 78: The Viscosity of Solids, by Carl Barus; No. 74: The Minerals of 
North Carolina, by F. A. Genth; No. 75: Record of North American 
Geology for 1887 to 1889, inclusive, by N. H. Darton; No. 76: A Dic- 
tionary of Altitudes in the United States, by Henry Gannett; No. 77: 
The Texan Permian and its Mesozoic Types of Fossils, by C. A. White; 
No. 78: Report of the Work done in the Division of Chemistry and 
Physics, mainly during the fiscal year 1889-'90, by F. W. Clarke; No. 79: 
A Late Volcanic Eruption In Northern California and its peculiar Lava, 
by J. S. Diller; No. 80: Correlation papers— Devonian and Carboniferous, 
by H. S. Williams; No. 81: Correlation papers— Cambrian, by C. D. Wal- 
cott; No. 82: Correlation papers — Cretaceous, by C. A. White. 

Explorations in Newfoundland and Labrador in 1887, made in conuec- 
tion with the cruise of the U. S. Fish Commission schooner Grampus, by 
F. A. Lucas. From Report of U. 8. National Museum, 1888^9. Wash- 
ington, 1891. 

Preliminary Handbook of the Department of Geology of the U. S. Na- 
tional Museum, by G. P. Merrill. From Report of U. 8. Nat. Mus., 1888- 
89. Washington, 1891. 

Preliminary Report on the Coal Deposits of Missouri, by ArthurWins- 
low. Published by the Geological Survey of Missouri. Jefferson City, 1891 . 

Report on the Geology and Mineral Resources of the central mineral 
region of Texas, by Theo. B. Comstock. From Second Ann. Rep of Ge- 
ological Survey of Texas. Austin, 1891. 

Annual Report of the Geological Survey of Arkansas for 1890, Vol. II, 
The Igneous Rocks of Arkansas, by J. Francis Williams. 

Preliminary Report on the Utilization of Lignite, by E. T. Dumble, 
State Geologist of Texas 

Geological Survey of Kentucky. Report on the Geology of parts of 
Jackson and Rockcastle counties, by Geo. M. Sullivan. 

Geological Survey of Alabama. Report on the Coal Measures of the 
Plateau Region of Alabama, by Henry McCalley, including a Report on 
the Coal Measures of Blount county, by A. M Gibson. 

Geological Survey of Canada. Contributions to Canadian Miero-Pal- 
rtjontology. Part III, by T. Rupert Jones. 

United States Geological Survey. Tenth Annual Report. Part 1, 
Geology. Part 2, Irrigation. 

Report on an Additional Water Supply for the city of Hockford, 111., by 
J. T. Fanning, I). C. Dunlap and D. W. Mead. 



CORRESPONDENCE. 



Are the Eozoonal Limestones at St. John, New Buunhwick, Pue- 
Cambrian? — In an editorial reference to Eozoon and the pre-Cambrian 
fossils of St. .John, you appear to imply a doubt as to the pre-Cambrian 
age of the latter; or at least that this may be an alternative with some 
who may admit the organic origin of the former; adding that other 
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limestones in the United States for whicli a Laurentian age iiad been 
claimed, had, on further examination, been found to be primordial 
[t. e., Cambrian]. 

This, I think, can hardly be the case with the St. John limestones. 
The earthy (cryptocrystalline) condition of some of these limestones 
is apt to mislead those who expect to find Laurentian limestones (or 
perhaps I thould say pre-Cambrian limestones) always coarsely crys- 
talline. Hence Sir Wm. Logan, when he came here (about 1870) fresh 
from the survey of the limestones of the Ottawa valley, was surprised at 
the modern aspect of those near St. John. Dr. T. Sterry Hunt also, 
after his studies of the pre-Cambrian rocks uf New England and the 
maritime provinces of Canada, classed these limestones in his Lower 
Taconic, below the Cambrian. Their comparatively unaltered condition 
is shown by the numerous carbonaceous bands, called, locally, *'blue 
limestones,** which are intercalated in certain parts of the terranes. In 
fact there are not only carbonaceous, but hituminom limestones present 
In this series, and this is shown by the fact that they give off a distinctly 
bituminous odor when struck with a hammer. This, however, is not an 
isolated fact, because a limestone in the Archaean tract of Scandinavia 
has been shown to contain bitumen, I think as high as 5 per cent. It is 
difUcult to conceive of the introduction of this substance into a series 
of sediments except through the agency of organisms of some kind. 
Such we know to have been the source of bitumen in the rocks of later 
ages, and we naturally seek thus to account for its presence in these old 
limestones. 

And yet, though in certain places these limestones show compara- 
tively little alteration, they exhibit everywhere a secondary crystalliza- 
tion, often strongly pronounced, and not infrequently giving rise to 
highly crystalline, calcareous masses; the preservation of any organisms 
which may have been associated with the production of these limestones 
is therefore not only uncommon, but seemingly local. 

Although comparatively modern in aspect, these limestones are no 
doubt pre-Cambrian, for the following reason: Subsequent to the pro- 
duction of the series of which they form a part, a great extrusion of 
igneous rocks (volcanic ash, scoria and mud) occurred in this district. 
These were piled up to a great thickness and spread over a wide tract 
of country; yet their thickness appears to have been very irregular, or 
denudation before Cambrian times swept away large masses of them, so 
that the underlying limestone series was brought near, or quite to the 
8urface in some places. 

The Cambrian rocks themselves have a clear foundation in certain 
conglomerates which overlie the volcanic series and show themselves 
along the borders of the Cambrian basins. These conglomerates are 
usually made up of fragments of the volcanic series, intermingled with 
quartz pebbles, but at one locality in the city of St. John, where the 
Cambrian rocks are in close proximity to limestone ridges, pebbles of the 
limestone are mingled in the conglomerate with those of the volcanic 
series, hence we cannot doubt that these limestones were hard rocks. 
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^abjected to denuding agencies, at the time when the Cambrian sedi- 
ments were being deposited in the submarine valle3rs near St. John. 

Further — there is much negative evidence pointing to the same conclu- 
sion. If these limestones are |K)6t-Cambrian, to what age shall we assign 
them? The Cambrian terrane here includes the Lower Ordovician, and 
is an unbroken series of sediment. (See last volume this Journal, p. 289.) 
The Silurian (Upper) is present within twenty miles of St. John, and is a 
series of calcareous slates and earth v sandstones with characteristic fos- 
sils. The Devonian shales and sandstones, with plant remains, lie imme- 
diateljsouth, separateil from the limestones only by the basin of Cambrian 
rocks at St. John, about a mile wide: and the Lower CarlK>niferous 
coQglomerates and shales actually overlie the limestones unconformably. 
There remains only the Upper Ordovician, which could possibly be rep- 
resented in these limestones, and in limestones so little altered as some 
of these are, some trace of the abundant marine life of the Ordovician 
period should show itself: but none such has been found. 

Altogether we see no reason to depart from the decision on the age of 
these limestones arrived at twenty years ago by the officers of the Dominion 
(Geological Survey, that this calcareous series, isolated amid the I^urentian 
gneisses, mica schists and quartzites, is essentially of pre-Cambrian age. 

Before closing 1 may say a word about the Cambrian rocks themselves. 
In my conspectus of the succession of faunas in the St. John group, 
given in a foot note on page 290 of the last volume of this journal, a 
section of **Upper Paradoxides beds, no fauna known/' was introduced. 
By this it is not intended to be asserted that any of the later species of 
Paradoxides are known in the Cambrian rocks of the mainland of Amer- 
ica: but only that the horizon indicated is the place where, if present, 
thev should be found. 

Another point of interest to students of the Cambrian is that Hyt>lithe* 
bilUngMi, or a species ven* like it, has been found in the basal Cambrian 
rocks, near the middle of that series. This species was fr)und by Dr. 
Charles Barrois and myself last summer, when examining the section in 
the eastern part of St. John county. The species is of interest as a com 
mon one of the Olenellus beds, being at the same time, according to Mr. 
Walcott, a species of great vertical range in the Cambrian rocks of the 
IU)ckv mountains. i». F. Matthkw. 

St. John, y. B., Canada, Junuary 13, 1891. 



PERSONAL AXD SCIENTIFIC NEWS. 



The Winter Meetix, of the GEouxiUAL ?mkiety ok America 
held at Columbus on Dck!. 29, 30 and 31. The members were wel- 
comed bv the mavor of the citv. Mr. G. T. Karb, whi>se address was re- 

• • • 

plied to by the president. 

The treasurer's repi>rt showeil a l<alance of #2JiK) iine\;ended, and that 
of the secretary. Prof. H. L. Fairchild, of Rochester, N. Y., showeil the 
society to be in a prosperous condition. 

At Uie first semion the officers for 18^ were announced as follows: 
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Preuident Mr. G. K. Gilbert. 

Vice-PreHidentrt Sir J. W. Dawson, Prof. T. C. Chamberlin. 

Secretary Prof. H. L. Fairchild. 

Treasurer Prof. I. C. White. 

Two new fellows were declared elected. An excellent memorial of the 
late Prof. J. F. Williams, of Cornell University— a fellow of the society 
—prepared by Prof. J. F. Kemp, was read by the secretary and the read- 
ing of papers was begun. The first was by Prof. I. C. White, who gave 
a short account of the development of the Mannington oil fields in West 
Virginia, under his direction, and entirely on theoretical deductions 
from the geologic structure of the country. He showed the success that 
has attended these labors by the fact that only five per cent, of thfe wells 
drilled in these fields had proved dry holes. The attitude of the driller 
had, he said, changed from one of contemptuous neglect to one of stu- 
dious attentioq. Some discussion and several questions followed Prof. 
White's paper. 

Prof. White also made some remarks on a number of specimens of 
plants which had been sent to him by Mr. E. T. Dumblc, state geologist 
of Texas, which clearly indicated a Permian horizon in the Wichita beds 
of that state. Among them, as identified by Prof. W. M. Fontaine, was 
a Walrhia^ the fii-st reported from American strata. 

Mr. J. S. Diller read a paper on the structure of the Taylorville region 
in California. There are, he said, 29 sedimentary and 17 eruptive 
masses. Several of the former are recognized by fossils. Eruptive 
rocks occur of an age from Silurian to Neocene. The Jurassic rests un- 
conformably on the Trias. The Jurassic is completely overturned and 
sheared on a thrust-plane of low inclination. He instanced a fault which 
is believed to have a throw of four miles. The paper was full of facts 
and cannot well be condensed. 

Prof. Hyatt exhibited a very large and interesting collection of Juras- 
sic fossils in volcanic tuff, from California, and pointed out a number of 
important similarities and differences between them and their nearest 
European congeneric forms. 

The Sierra Nevada of California was the subject of a paper read, in 
the absence of its author, Mr. J. E. Mills, by Mr. C. W. Hayes. This 
work has been in progress for several years at the trouble and expense 
solely of the author. The range is, he said, due chiefly to Tertiary\ 
movements, but recurring uplifts took place there In earlier times. The 
older rocks occur in the axes. The two crests of this double range lie on i 
the eastern sides. The faults are normal. The Mesozoic rocks are folded 
and overturned but no arches occur, and apparently the thrust planes 
have been formed by pressure acting on blocks of strata lifted out of 
place by faults. There was apparently great difference of opinion be 
tween observers who had been at work on this field and the recorded ob 
servations in so difticult and contorted a region were not reconcilable. 

A short note on secondary banding in the gneiss of Berkshire Co., 
Mass., was read by Dr. Diller, in the absence of the author, Mr. Wm. H. 
Hobbs. 
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Mr. C. W. Hall described the southeastern part of Minnesota. This 
region was first studied by D. D. Owen, 50 years ago, in his survey of the 
mineral lands of the Northwest. It contains rocks of Cambrian and Si- 
lurian date, with a small area of Devonian. The Cambrian contains the 
Keweenawan and the great red quartzite of the Northwest and the Pots- 
dam sandstone, conglomeratic at base with pebbles of the same nature as 
the underlying rocks. After speaking at some length on the section as 
shown in Minnesota, the author mentioned the recent discovery of fos- 
sils in the St. Peter sandstone. Murchisonia, Endoceras, Helicotoma, 
etc., clearly indicate the Lower Silurian age of the sandstone. The beds 
below this are referred to the Cambrian, and include the two Magnesian 
groups of Owen. 

An illustrated evening lecture was delivered on Tuesday evening by 
Mr. I. C. Russell on his recent attempt to reach the top of Mt. St. Elias. 
A large map of Enchantment bay enabled the speaker to explain the 
topography, both terrestrial and glacial, of the region. Many points, 
especially of the latter, were of very great interest to glacial geologists, 
in consequence of their bearing on the problems of the glacial era. 
Great changes in the level of the land were shown to have occurred in 
very recent times. Glacial beds were seen lifted far above their original 
level, and the retreat of the ice, which apparently is still in progress 
over the region, has exposed areas but lately buried deep under the 
glacier. Special views of the ice-fields were shown by excellent photo- 
graphs on a screen. The deposits of morainic matter washed down 
from the glacier and deposited in the **glacial delta'^ showed large trees 
deeply buried, and, of course, dead. A very striking feature in the land- 
scape is the great development of cryptogamlc vegetation — mosses and 
ferns — forming a moist, soft cushion four or five feet deep, covering up 
fallen logs and unevenesses in the surface, and rendering progress slow^ 
laborious and fatiguing. The glacial features of the mountain, its rivers, 
ice-falls, crags and peaks, were vividly shown in a realistic manner, 
so that this little known region was brought within almost familiar 
experience. 

On Wednesday morning the business of the session was resumed by 
the reading of a paper on the Valley 'Of the Rio Grande in Texas, by Mr. 
E. T. Dumble, the state geologist. It contained a detailed account of 
the Cretaceous strata of that region and some of their fossils. 

Mr..W. H. Sherzer then read an elaborate revision of the rugose coral 
Chonophyllum, detailing its generic characters as regarded by himself, 
and maintaining that several species have hitherto been coufouuded 
under this name. He passed these in review, showing why they should 
be separated. Omphyma and Ptychophyllum were, he said, the forms 
with which it had been more freciuently confused. 

Mr. C. Willard Hayes gave an account of the geology of the Yukon 
valley in Alaska. He reported immense deposits of volcanic material, 
tine sand, dust, pumice, sometimes covering the ground as snow, and a 
distinct and diagrammatic display of an overthrust fault half a mile in 
extent. Along the seacoast, in the neighborhood ot Mt. St. Elias, occur 
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large glaciers, one of which, extending across a valley, dams the stream 
and forms a lake of considerable extent. These glaciers lie almost 
entirely on the southern slopes, those flowing to the northward being 
inconsiderable in size. Indications of much greater extension of the ice 
in former times are abundant along this part of the basin, but farther to 
the north such signs are altogether wanting. 

Mr. Stanley Brown read a paper on the Pribyloff islands of Alaska. 
Hehring sea, from which these islands rise, is shallow, not exceeding 
300 to 400 feet. Bogoslov, one of these islands, has been a central vol- 
cano from which have flowed the streams of basaltic lava of which it 
consists. These islands, especially St. Paul, are the home of the seals 
and sea lions, and the speaker mentioned the fact that numerous peb- 
bles were found on these islands whose presence was very puzzling until 
it was explained that they were brought there in the stomachs of these 
animals. 

Prof. W. J. McGee, in discussing the gulf of Mexico as a measure of 
isostacy alluded to the doctrine that areas of denudation are areas of 
elevation, while areas of subsidence are areas of deposition. Quoting 
examples from the geography of the area of the North sea, he explained 
the difliculty of estimating the area of encroachment in consequence of 
the building of artiflcial breakwaters and the construction of natural 
breakwaters by the sea itself. He next quoted the Soonderbands of India 
where immense subsidence has taken place and where the sediments of 
the Ganges and Sanpoo are now deposited, the great rivers of China, and, 
lastly, the gulf of Mexico, which receives on a small area the degrada- 
tion products of the largest basin on the globe. In all these cases he 
argued that the two areas coincide and that the depression is roughly 
proportional to the deposition, but subject to so many sources of error as 
to render exactness at present unattainable. 

Prof. G. F. Wright followed with a few remarks on the deduction which 
might be drawn from the presence of shells in a sandbed which he had 
discovered in Shropshire, England, during his recent visit to that coun- 
try. His principal point was that the evidence tended to disprove the 
subsidence of that district in the glacial or inter-glacial era. 

A short paper by Prof. J. C. Wolff described the structure of the Crazy 
mountains of Montana, which had been well illustrated by photographic 
views on the previous evening, and showed great alteration effects from 
the intrusion of masses of igneous rock. 

Some new flshes from the Cleveland shale of northern Ohio, were 
briefly described by Prof. E. W. Clay pole, and a few exhibited by their 
discoverer. Dr. W, Clark. The leading features of the now well-known 
IHniclUhyH and the more recent TitanichtJii/St "whose structure has been so 
admirably elucidated by Dr. Newberry, were pointed out, and a new 
.i^enus differing from both in the structure of its jaws and teeth was illus- 
trated by drawings. For this we proposed the name Gorffoniehthya. 
Allusion was also made to one or two at present somewhat ol)scure spec- 
imens. 

Two papers by Mr. Warren Upham were read in his absence, the flrst 
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on the relationship of the glacial lakes following the ice age, and the 
second on the Champlain submergence. 

A paper on the pre-glacial drainage of Summit county, Ohio, was read 
by Prof. E. W. Claypole, and illustrated by a map. He showed consid 
erable difference between the courses of the present and the pre-glaciai 
streams. 

Other papers were read by titles in the absence of their authors, and 
the proceedings continued until late on Thursday afternoon in order to 
complete the programme. 

Altogether the meeting was a pleasant and a profitable occasion for 
the members who were present. The society will meet next summer in 
accordance with its rule, at Rochester, !N. Y., about the time of the meet- 
ing of the American Association. 

Mr. John Eyerman is in the south of France. All letters 
should be addressed to the care of Messrs. J. S. Morgan & Co. , 
22 Old Broad St., London, E. C, Eng. 

Prop. F. W. Craoin has been Granted Leave of Absence from 
Colorado College to enable him to do special work for the Geolog- 
ical Survey of Texas, on which he has been appointed assistant geol- 
ogist. He has already entered upon his work in that promising 
field, and his address, till further notice, will be Austin, Texas. 

Dr. Persifor Frazer, of Philadelphia, sailed Feb. 27 for 
Genoa, and will be absent till May next. 

Mr. F. D. Adams, Lecturer in Geology and Petrocjraphy 
in McGill University, and formerly of the Canadian Geological 
Survey, has assumed the duties of editor of the Canadian Record 
of Science, which is published quarterly in Montreal. 

Mr. . Ralph S. Tarr, of the New Jersey Geological Survey, has 
been appointed to the position at Cornell University left vacant 
by the death of Dr. J. Francis Williams. 

Dr. Ferdinand Roemer, the distinguished German geologist, 
died at his home in Breslau, Dec. 14th, in his seventy -fourth 
year. He was not only one of the most eminent geologists of 
Europe, but his writings and investigations on this country, where 
he worked for many years, gave him a place among the most 
honored of our pioneer workers. It can be said truly that his 
works on the formations of Texas laid the foundation for the geo- 
logical exploration of that state. 

Sir Andrew Ramsay, late Director-General of the English 
Geological Survey, died at Baumaris, Anglesey, December 9, 
1891, in his seventy -seventh year. He was at the head of the 
Geological Survey for nine years, retiring in 1881. 

Dr. T. Sterry Hunt, the most eminent chemical geologist of 
the United States, died in New York about the middle of February. 
His last work, which is reviewed in this number of the Geologist, 
occupied him in the last months of his long and divei*sified life, 
and served to round out with a satisfactory completion, the brilliant 
labors of a brilliant career. 



THE 



AMERICAN GEOLOGIST 



Vol. tX. APRIL, 1892. No. 4 



A HITHERTO UNDESCRIBED PHENOMENON IN 

H/EMATITE. 

By W. S. (JiiKSLKV, F. (i. S., Krie, Pa. 

Tlie specimen of which a portion is reproduced in photogniphy 
(si't» plate V) is one of several hand samples kindly lent to 
the writer by a Miss (^nlver, of Erie, Pennsylvania, and it is to 
l)e regretted that all she can tell him alx>ut them is that a friend, 
who makes trips to the lake Superior iron region, occasionally 
carrving cargoes of ore to Krie, gave them to her alx)ut a year 
ago. so that the exact locality, the name of mine, nature of 
on Unary deposit in which they were found, depth, and so forth, 
cannot (at present, at all events) be ascertained. 

The ore is a fibrous red htematite, evidently of great purity 
(possibly 70 per cent, metallic iron), reddish-blue in color, of 
smooth and somewhat unctuous feel, and very compact and tough 
looking: small groups or bundles of the fibres chink like iron 
nails when shaken up together in the hand. The fil>res run in a 
curved form, thus giving the hand-specimens a more or less 
curved or horny shape. The samples examined vary in length 
between two and nine inches, Imt as the longest of them has lost 
its inn(»r (»xtreniity, its mttt or commencement of growth, so- to 
speak, it may have been an inch or two longer when whole. The 
specimens do not fit or exactly belong to one another, but from 
their peculiar likeness have evidently all come from the same 
de[)Osit or mass in the mine, wherever that may have been. Tlu» 
center or centers of formation appear as small flat cavities. (/. r., 
siipposing the thin ends of the fragments examined represent the 
commencement of their formation outwards around these nnclei.) 
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They are fnigmtMits of botrj'oidal or reniforin masses of ore, and 
thus are of mrondnrif origin. Starting away from the nuclei the 
ore has very much the form of fangs of double teeth — l)lunt, 
irregular, conical aggregations of fibres, now without any filling 
of any material l)etween them, though when /// situ may have had 
red powdery ore or clay among them. Concentric structure is 
exhibited in one of the fragments. 

Now what is most peculiar in these samples is that they have holes 
through or running in them at difl'erent distances from the nuclei 
and from one another. Three inches is about the distance of the 
nearest hole seen from a center of growth, and those best pre- 
served are clearly shown in the plate. 

The points or chief characteristics to be noted appear to the 
writer to be: 

(/. The shape or form of these holes or little tunnels. 

b. The fact that they run roughly parallel to one another or at 
right angles to the fibres of ore, namely : nearly square across or 
through the specimens. 

('. The peculiar curvature of the grain of the ore surrounding 
these apertures, particularly clearh' brought out in the case of the 
left hand or perfect hole seen in plate. 

(I. That, beyond or to the right hand side (as viewed in photo) 
of these pear-shaped tunnels there exists a straight, smooth kind 
of "bedding plane'' running forward to the next hole (where the 
fibre is bent round), or right to surface or exterior of specimen, 
tus shown between A and B (lower side of view). 

r. The apparent fact that had the formation of the ore contin- 
ued beyond B C, the outermost hole — really a groove or 
channel now, because open on one side — would have l»een closed 
over in like manner to that seen about three inches to rear of it. 
[Of course it will be seen that the lower of the three -holes" is 
only half there, the corresponding half being broken away with 
the rest of the mass.] 

/'. All the holes have the same cross section in form and meas- 
ure, just about the same diameter — a little over I inch the short- 
est way. TJnder a pocket lens the surface of parts of these holes 
(their walls) is setMi to be mammillated, and tiiroughout they are 
coated with a soft skin or film of red iron oxide. 

The outside surface of the specimen, /. r. between B and ('. the 
edge of which is here shown, is oddly polished, though not artificially, 
I think. This edge or surface represents the limit of growth of 
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the mass in that direction. Of course, one is at once inclined to 
ask: What do these holes represent, and whence came they? Were 
they once filled with ore or with any other mineral matter? etc. 
While the writer does not pretend to give any satisfactory explan- 
ation of this curiosity, he would like to remark one or two things. 
These cannot be holes drilled or eaten out, or burrows made bv 
worms or animals of any kind; nor have they been made by the 
hand of man. The form or arrangement of the structural fibre of the 
ore in vicinity of the apertures is altogether against such theories. 
The writer possesses various English specimens of clay ironstone, 
one of which is now haematite (having been altered by peroxidation 
of iron and water in contact with red strata of Permian age), per- 
fonited by worm burrows, which are now either filled with pink 
calcite, with fossil slime secreted by the worms, or are empty. 

We are unfortunatelv in the dark as to which way this illus- 
trated sample lay or was formed /// «/^^ but the writer conjectures 
that in whichever direction it was accumulated or grew, the 
mass in forming met with some obstructions, around which it 
continued to grow and even to entirel}' envelope in most Ciises. 
What such supposed obstructions or projections were, seems to be 
the point from which to aiTive at a satisfactory conclusion of the 
growtli of the ore. It has occurred to the author that possibly 
stalactitic ore was there first and that this fibrous variet)' formed 
around and amongst the stalactites. But stalactites do not take 
the form which these holes show. Usually they are rudely cyl- 
indrical or long, tapering cones; and, if once present wh}* are no 
remnants left now? Twigs, wires or narrow pods would seem to 
suit better. Whatever may have been there is now gone from 
the samples examined, for all the holes are empt3\ 

Tt seems imi>ossible to regan\ them as elongated air holes, or 
bubbles, for the texture and form of the ore has not been altered 
from what it was when first formed into this condition; there has 
evidently l)eeu no sipieezing, no metamorphism, no fusion, vitri- 
fication, elongation or shortening of the mass; it shows to-day just 
as it was after or even during process of formation, or y mirth, 
as we may fairly term it. Can it be possible that the mass has 
formed //» situ Hround or in contact with a number of lengths or 
coils of wire, in some place in a mine, where the conditions have 
l)een very favorable for a very rapid growth? We know that 
agates are produced in a very short space of time under favorable 
circumstances: 1 refer to the German samples artificially made 
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out of natural miiieralizwl water in some of the mines or caverns 
there. Certain forms of gypsum tcx), have been known to form 
within a few years, and I am here remindeil of the fact of a man 
l)eing lost in the great Balecarlian copper mines, at Falun in 
Sweden, in the last century, whose l)ody when discovered, was 
partialh' converted into a 3'ellowish gypseous mineral, it having, 
as is supposed, fallen into or become covered with mine-water. 
Stalagmite, sinter, tufa, etc., do form (juickly, as in the vicinity of 
hot springs, **petrifving wells,'* in caves, in old mines, etc. 
Quite hard and thick de|K>sits of lime, iron, etc. , are frequently 
found in mine water-pipes, cisterns, in old * 'atmospheric engines, " 
and other places where conditions favor their deiwsition ; however 
the writer cannot call to mind an actual case of hard pure iron 
ore provtKi to have formed within ancient or modern history, 
unless certain curiosities taken occasionally from blast furnaces 
(results of peculiar melting and de^wsition in connection with 
other mineral substances) may be regarded as such, or the instance 
quoted by Bischof in his **Chemical and Physiwil Geology" of 
three feet thick of limonite occurring over a substance containing 
lioman coins, in central • Europe. Swedish **bog iron-ore'' is 
.stated to form at the rate of several inches in a few vears. The 
writer rememl)ers a very singular case of nq)id growth of a spec- 
imen from a coal mine in Staffordshire, England. It was place<l 
in a cabinet and being left to itself for twentv-five veai*s, wsis at 
the end of that time found to have eaten its way upwards through 
one inch of wood (the top of the cabinet,) and downwards through 
three earthenware plates on which it wais placed. Its owner state<l 
that its trrowth in bulk had since be(»n so extensive he had broken 
off fragments, to kei»p it within l)ounds, to the extent of five or 
six times its original bulk. Scientists who had examined this 
specimen consider it to be a variet}' of ropidpitv^ or ? aftfutmbtfr 
Alnnoym or '^hair-salf/ or ? ferrous sulphate is another mineral 
of rapid growth in favorable situations: the writer measurecl some 
fibres in an entry in an English coal mine, in May, 1880, which 
4»ntry had to his own knowledge been driven about eight years. 
The longest fibres were IH inches, thus giving an average annual 
growth of nearly H inches. Other facts might be cited, but 
enough has been said here to show that whether fibrous haematite 
can or cannot form rapidly under favorable conditions, many min- 
erals or combination of minerals can and do yroK amazingly fast. 
Additional specimens of this lake Superior ore, could they !>e 
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jirocureil, might throw light on the subject. The general napeot 
of this singular varictj' of ore of iron, so strangely resembling 
split wood, suggests the name of '■ Wood Iron-orp" for it, but the 
grain in woo<l paai^es around knots, or holes once occu|)ied by 
knots, ill A different way from the grain in this ii 

The siKcimen in question can in no n 
ilomorpltoiii'. or be a rejt/uvrmi 
viile, p^riir, c/iiiirti/oiiy, etc., 
or anything of ttiat descriptioi 

Kric, Venn., V. S. A-, Nov 



regarded as /ttni- 
formation after limttloiie, ilolu- 
•T is it H/omii/ (mineraliiied wood) 



1891. 



Erie, Pa., Dec. 15, 11 



pROf. N. H. WlNCHELI.. 

Drar Sib; Acting on your suggestion, I bave polisbeil one end of 
the Bample through one of the holes, and beg to inclose ilmwiDg anil tie- 
scription. I cHoant see anything here attributable to uond-ft'uuK. The 
<lul1-poli ailing portjoua, c c, are the sides or wnUs of the hollow aba, 
and may be iosusceptlble iff taking a higher polish because the fibres of 
the ore here are bent in the direction of the hole, as you will notice in 
the photo (plate V). 



EiilsrKiHl >'l 







The hole lies between 'i <i, the portion left un the specimen betnjr 
about /, Inch deep in the center, as at h. This portion (a ton) Is, there- 
fore, not polished; r f are the two walN of the hole, the oieof which does 
not take a {;ood polish. This part of the ore exhiblta harder and brighter 
spots, d (I, which grailually meri;e into the compact, hard are, •• e, (the 
unshaded pori ion of the surface treated), which takes a high pollsli. 
The surface of the liole {.i to x) is, as shown, slightly uiaminillated and 
coated with red, ponderi- ore. W. S. Gkbsi.kv. 
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THE LOWER COAL MEASURES OF MONONGALIA 
AND PRESTON COUNTIES, W. VA. 

By S. B. BuowN, Ass't Prof<»«»»or of Geologj-, W. Va. I'lilveMlty, Murgaiitowii. 

For ten or twelve miles south of Morgaiitown, W. Va. , the Mo- 
nongahela river flows north along the strike of tlie Bari*ens with 
the Lower Coal Measures just rising al)ove water level. The Ma- 
honing sandstone at the base of the Barrens in this region is 100 
to 150 feet in thickness, and the banks of the river are for long 
<listanees crowned with its high cliffs which, in nian\' places, liave 
weathered into fantastic forms. The streams that flow into the 
Monongahela from the east have worn deep and narrow gorges, 
whose steep sides are held up by the massive masonry of this Ma- 
honing sandstone. 

But it ma\' be seen in ascending these streams that the strata 
lx)unding their sides are rising faster than the stream beds ; hence 
lower and lower strata emerge from the water level, until at six 
or seven miles east of the river, the whole of the Lower Coal 
Measures outcrop along the hillsides, and the Pottsville conglom- 
erate begins to show its pebbly surface along their banks. 

Starting three miles al)ove Morgantown, at the mouth of 
Booth's creek, with the Upper Freeport coal at the river level, 800 
feet above tide, and following up this stream to the southeast, we 
find the coal constantly rises higher above the water, until at Old 
Clinton furnace, six miles distant, it is 105 ft. al)Ove the same, 
while at Halleck, on the Chestnut ridge anticlinal, it is in the tops 
of the hills, and 1,000 ft. above tide. 

This Chestnut ridge anticlinal forms a true watershed, and di- 
vides the streams flowing into the Monongahela from those flow- 
ing into the Tygarts valley, at Grafton. 

From llalleck, continuing southeiist, we follow down Laurel run 
to Irondale furnace, and observe that the strata have dipped in the di- 
rection of our course almost as fast as the descent of the stream, 
until at Irondale the Upper Freeport coal is Init 1,000 ft. above tide. 

On reaching Newburg, the strata are again rising east, so that 
we have crossed the trough of the liigonier s\'neline and find the 
Upper Freeport coal at 1,050 ft. al>ove tide. At Austen, three 
miles further east, it is at the level of the B. & 0. Railroad track, 
and 1,560 ft. above tide: at the Kingwood tunnel it is l.SOO ft. 
above the sea, and after a small dip to the east it again rises, and 
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near Eighty Cut, at 1860 ft, A. T., it passes into the air and is 
seen no more on the western side of the Allegheny mountains. 

Tlie whole length of this section, embracing one great anticline, 
one syncline, and reaching to the crest of another anticline, is 
nl>out *M) miles, and along it in several places complete sections 
of the Lower Coal Measures are exj^osed. 

Between the Mahoning sandstone and the Upper Freeport coal, 
near the river, there are usually about 40 ft. of dark colored 
shales, that in places yield numerous fossils, but on going east 
these shales rapidly thin out, and the sandstone then lies immedi- 
ately upon the coal, forming an excellent roof. 

On ascending White Bay creek toGarlow's mill we find the Lower 
Coal Measures full}* exposed and the section shown in cut No. 2 was 
obtained there. The Mahoning sandstone here lies immediately 
upon the Upper Freeport coal. The section reads as follows: 

1. Upper Freeport coal 4 ' 

2. Shales 25' 

:3. Limestone 4 ' 

4. Shales 6 

5. Fire clay and iron ore 8 

0. Shales and sandstone 75 ' 

7. Upper or Middle Kittanning coal 5 ' 3" 

8. Limestone 2 ' 

IK Sandstone and shales 40 ' 

10. Lower Kittanning coal 4 ' 

11. Shales 85 

12. Sandstone, massive, perhaps Homewood 8. S 15 ' 

13. Shales 30' 

14. Coal 1 

15. Shales 10 

16. Main Pottsville conglomerate 



Total 259 3 " 

Alx)ut six miles up Booth's creek, at Haigh's bank, the Upper 

Freeport coal shows the following section, descending: 

Coal 3" 1 

Shale .0 6' j 

Coal 2 6- ^4 6" 

Shnle 2" to 8' 

Coal 1 0" 

At Stevens" bank, in Winfield District, Marion county, it shows: 

Coal 2 r ) 

Shale 2*^ ^ 8 10" 

(^oal r 2' ) 

At Isaiah Robes, on Whiteda}' creek, it is very excellent, 4^ 
ft. thick, with 2" to :$" of shale. 1 ft. from the bottom. All of 
these openings are on the western slope of the Chestnut ridge an- 
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ticline. Further eiistward, in the Preston county basin, the coal 
shows about the same structure, but is twice as thick, btnng 7 to 
9 ft. at numerous openings. It is vahiable as a coking coal, and 
is used for this purpose at Irondale, Newburg and Austen. Its 
roof shales show fossil plants, Calamites, Sigillaria. Neuropteris 
flexuosa and N. hirsuta. 

Along the river near Tiittle Falls and also in the Preston county 
basin, the Upi>er Freeport limestone occurs at from 2<) to 25 ft. 
below the Upper Freeport coal, but along the Chestnut ridge an- 
ticlinal it seems to be absent, or but poorly developed. Tt varies 
from 2 ft. to 8 ft. in thickness, and on weathering shows a mi- 
nute univalve fossil. 

About 35 ft. below the Upper Freeport coal is an horizon at 
which fire clay and iron ore are often found. The ii-on ore is a 
siliceous shell ore, and was formerly manufactured into iron at 
Clinton furnace. At one place a seam of coal is reported under- 
lying the ore. This seam may be the Lower Freej)ort coal. 

The next 75 ft. consists of shales and sandstones, the interval con- 
sisting mostly of shales in the western part of this district, but to- 
ward the mountains, these are replaced by a massive sandstone 
that is quite coarse and pebbly and has about the same thickness. 

The next stratum is known over a large district as the •' three 

ft. vein of coal," although its thickness is quite variable. On 

White Day creek, this bed shows the following structure : 

Coal 2 0" 

bhale .0 1" | 

Coal 10" !^5 2' 

Shale 1 3' i 

Coal 1 0- 

Only the two upper benches of coal are mined; the 15 inches of 
shale in the bottom being too much to remove for the 12 inches of 
coal beneath. The roof here is of thin bedded sandstone and is 
excellent. Elsewhere along the-Chestnut ridge anticlinal, this coal 
is seldom over 2 feet in thickness, and usually has porous, sandy 
IkmIs for a roof that are incapable of sustaining great pressure. 

Prof. White shows this coal to have the following structure 
in the Newburg shaft ; 

Coal 1 0' I 

Slate 0' 3- | 

Coal, slaty 2' 0" }!' 3" 

Fireclay 2 0" 

Coal, good 2' 0" 

Immediatelv under this coal is a limestone aljout 2 ft. thick. 




m^ ^^M ?BA JV^V ^mm 



li 






2 

> 

n 

s 









X 

X 
H 




5'3 






7t 



t » • ■ • « < 
• ••••• 

• •••••< 

> • • • 



^4' 






• *■ 



ao 



/• 



'■0 

§ 



n 



n 

> 

(< 

s 

> 

H 
o 



<: 
^ 






l< 



O 



> 

X 






n 



> 
9 






to 



SOjrt. 



r-n 



\ 



1? » 



X 



Loirer Coal Meiimire^, — Brown, 227 

At other places^ in the same neighborhood there i» one foot of 
sliale between the coal and limestone, while in the vicinity of 
Olinton furnace, the limestone is more siliceous, highl}' ferri- 
ferous and 10 ft. to 12 ft. of sandstone divides it from the over- 
lying coal. This limestone is the Johnstown cement l>ed of 
Pennsylvania. • 

Descending, we next pass through 40 ft. of flaggy sandstones 
and shales and reach a stratum of black shale, usually about 1 ft. 
thick, filled with fossil plants, calamites, Lepidodendra, Neurop- 
teris hirsuta and Pecopteris of various species. The black shale 
is the roof of a very important seam of coal, the I^ower Kittan- 
ning, the most extensive coal seam of the Appalachian field. It 
varies greatly in thickness, but is nearly always worka])le. In 
the western part of our section it is four feet thick; in the New- 
burg basin it is over seven feet in thickness. In the vicinity 
of Ifalleck, this coal shows the following structure: 

Coal 2- 1 

Shales 2' 6" | 

Coal 2 0- ^.5 8" 

Shales V 

Coal 10- 

Al though it is all good coal the lower stratum of ten inches is 
of very superior qualit}' and is much used by blacksmiths. In- 
<leed, it is to its value for this purpose that the whole seam owes 
its high reputation. 

In the bottom of the shaft at Newburg, it shows the following 
<»omplcx structure: 

Coal 0' 10" 

Shale, gray 10" 

Coal 6' 

Coal, hony S" \SS' 5" 

Coal, main benrh 4 6 " 

Black slate 6" 

Coal 2 0- : 

I'nder the Lower Kittanning coal, we have 35 ft. of shales and 
cla3's bearing iron ore nodules near the lK)ttom. It is this iron 
ore that furnishes a cause for the number of chalyl>eate springs 
that occur at this horizon along Chestnut ridge. 

Next comes a hard-pcbl)ly sandstone that is usually al)OUt 15 ft. 
in thickness, filled with impressions of large plants, Sigillarids 
and Lepidodendni, and which resembles the * 'Great Conglomer- 
ate." This is perhaps the Homewood sandstone, of Pennsylvania, 
the uppermost member of the Potts ville conglomerate series. 
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This rock makes a sharp change in the typography wherever it 
appears above the surface. It does not disintegrate easily, and 
hence usually makes an abrupt clitf, while its great l>oulders are 
scattered far down below its present outcrop. 

Under this hard sandstone, we find about 30 ft. of sandy shales 
filled with plant fossils. Then one foot of hard, black slate caps 
one foot to one and a half feet of coal. This coal is often worked 
and is of good quality. 

AlK)ut 10 feet of shales underlie this coal, which brings us down 
to the main mass of the Great Conglomerate. 
W, Va. Universitu, Dec IHh, 1891. 



THE TIN ISLANDS OF THE NORTHWEST. 

E. W. Clay POLK, Akron, O. 
I. 

The Cassiterides or Tin islands of the ancients were the granitic 
masses of Cornwall and the Scilly islands. Hither (»ame in (hiys 
before the dawn of written history (except perhaps Egyptian) 
the enterprising mariners of Tyre, to buy from the Britons their 
much prized and very scarce metal. B}' craft and daring in nav- 
igation, they for many years kept the destination of their tin- 
ships a profound trade secret. Few dared follow them out be- 
tween the pilhirs of Hercules into the fogg}^ and stormy Atlantic, 
and Phoenicia was conse<iuently for ages the central mart for the 
sale of this niet^il — the stannarv of the world. 

ft. 

Not, however, for the sake of tin pure and simple, did these 
old Phoenician marinei*s undertake the vo3^age from the Levant to 
St. Michael's Mount and back-— (>, 000 miles of sea, and often out 
of sight of land. Tin alone (the phimhum ulhum or white lead 
of the Romans) was of little use. Pliny,* it is true, speaks of 
tinning copper vessels, but Pliny lived at a comparatively late 
date. It was the peculiar and intense hardness that characterizes 
its alloy with copper that gave this metal its value among the 
ancients. Bronze was the material of which all metallic cutting 
tools were made before the discoverv of steel, and for nianv years 
afterwards until this latter became cheap and easily wrought. 
It is therefore uee<lless to point out the great advantage possessed 
bv the nation that held the secret of the Cornish tin. Others 

♦"Stannum illitum aoneis vasis compescit aeriiginis virus." Plin. 84, 4^. 
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ooul<i l)uy the bronze after it Imd been made, but could not make 
it, and tliis, there is abundant reason to believe, was done. 

Kven after the introduction of steel had destroyed the vahie of 
bronzes weapons, so many uses for tin remained that the old Corn- 
ish mines were never entirely closed, though in the time of the 
English Plantagenet kings the royalty had dwindled down almost 
to nothing. 

II. 

Rising like islands from the vast prairies of the Northwest are 
the Black Hills of Dakota. They break through the monotonous 
plain that extends from Chicago to the foot of the Rocky mount- 
ains. Their steeply inclined axial strata are in strong contrast 
with the flat beds of the Cretaceous and Tertiarv eras around 
them. To these, as to the new Cassiterides, much attention has 
l)een directed for some years past, in the hope that the future tin 
supply for the markets of North America will be drawn here- 
from. 

To the geologist these hills are equally interesting on account 
of the problems which the}' suggest, and the facts which they re- 
veal concerning the evolution of the Northwest. 

Prof. N. H. Winchell and Mr. Henry Newton were the earliest 
explorers in this field, and entered on its investigation while it was 
still in a wild state, and occupied by hostile tribes of Indians. 
To their work the present writer, and all who have followed 
them, are deeply indebted for facts and data. The writer's own 
observations have been made mostly in the southern tin-district, 
and in some parts of the east and north of the Black Hills. 

III. 
The core or medial axis of the Hills consists of a ridge of 
schists and slates dipping at a high angle to the east, and often 
nearly vertical. Of these the schists are the older and underlie 
the slates. They are very micaceous, and often so full of garnets 
ivs to appear red, and have been likene<l b}' Profs. Blake and 
Crosby to the 'Olontalban' series of New England. These 
schists are heavily charged with lenticular sheets of a very coarse 
granite composed of quartz, albitc* and mica, which have Ijeen 
described by some as intrusive. But the evidence rather justifies 
the belief that they are really veins of segregation, as they uni- 
formly agree with the schists in strike and dip. These veins are 
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ver}' striking to one only acHiuaiuted with granite in its usual 
form — a finely granular mtiss. The quartz is as usual, dissemi- 
nated, but the albite, the chief ingre<lient, is found in ver}' large 
cry'stals, and the mica in sheets sometimes a foot or more in diam- 
eter. With these occur crystals of black tourmaline occasionally 
weighing several pounds, and mi^nificent siKxlumenes, ten, twenty 
and thirty feet long in the rock. Here too, are found l)eryK 
cassiterite (tin-ore), columbite. and other minerals often jissoci- 
atcd with these. 

These intercalated veins of coarse granite* weather less rapidly 
than the schists and consequently stand out in lx)ld relief on the 
hillsides, their wreckage strewing the ground so as to convey the 
impression that the graniti* area is much larger than is really the 
c.ise. Xo massive granite exists in the Hills, even the central 
Harney peak being composed chiefly of schists. The veins run 
in some instances for long distances — many hundred feet or yards 
— but eventually disappear to be succeeded by othei*s in parallel 
lines. 

The presence of the cassiterite in them has drawn attention to 
these schists almost to the exclusion of the other strata of the 
Hills. We will return later to this topic when treating of the tin.* 

IV. 
The eastern slates overlying and conformable with the schists 
compose the younger part of the axis already alluded to. They 
occupy the whole eastern side of the mass of the Hills, and like 
the older schists dip steeply to the (*ast. They are hard nnd blue 
or dark grey, have no true cleavage, and weather into ragged 
peaks or edges. So far as it is known they contain no useful 
minerals. Vast beds of (juartzite are found in them so massive 
as to justify calling them at times sandstone deposits. 

V. 

Both the formations above mentioned belong to those (»arly 

ages of geologic history or ratlu»r legend, which an» at present 
comprehended in the term ''Pre-rambrian. " It would ]>e more 

*It is worthy of remark in this connection that the stanniferous veins 
of Dakota are* immensely older than those of Cornwall. The latter are 
all of post- Devonian age, and probably in some cases very much later 
than the Carboniferous. Indeed it wouM seem as if the process of the 
deposition of cassiterite were continuous, as it is not uncommon to liud 
in Cornwall recent d^er-horns so impregna ed with the mineral, that 
they are as rich as the average ore of the county. 
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strictly logical to write ''Pre-Potsdam' because we can only prove 
that they antedate that era. But the total absence of fossils and 
their structure and immense thickness point stronglj' to a Pre- 
Cambrian (\ate. Reganling the last character Prof. Newton 
writes : 

^'The whole thickness of vertical rock with a width of al)OUt 
twenty-live miles, is believed to retain its original relation of 
parts." So great a thickness of even Pre-Cambrian strata is 
scarcelv credible. 

Immense beds of conglomerates are a feature of the slates, and 
are well displayed in many places, as for example, near Lead City 
on the railway. The pebbles consist chieflj' of glassy quartz and 
(juart/ite, both of which are found in the older schists, but the 
conformability of the two series forbids our ascribing them to 
that source, and compels us to seek some other and more distant 
origin. The pebbles of (piartzite are elongated, says Prof. 
Crosby, but those of (piartz are not. 

Prof. Crosby has also called attention to a vjist sheet of diorite 
(plagioclase felspar and hornblende), sometimes auriferous, which 
passes through the entire length of the eastern or slaty series, and 
of which abundant fragments ma}' be seen on the eastern slopes, 
and also to massive but verv siliceous beds of ha?matite like those 

ft/ 

of the lake Superior region. He has further demonstrated fn>m 
the presence of limestone pebbles in the Potsdam, that a bed of 
this material must be covered up somewhere in the Hills. This 
discovery may some day throw light on the age of the slates, some 
of which may, though such a supiX)sition is scarcely pc^ssible, be 
of lower (^milu'ian date. 

vr. 

After the deposition of the series above described in the sea of 
l^re-Cambrian age, an elevation of the region took place whereby 
the schists and slates were bent and folded at a very high angle 
and the Black Hills of Dakota were hoxw. If we must regard 
the whole series as one unduplicated mass, the}' form a mono- 
clinal ridge with strong easterly dip. This movement alone indi- 
cates a long time, but the enormous erosion which the strata 
suffered before the Potsdam sandstone was laid down upon their 
V)asset edges forbids any doubt on this point. The interval rep- 
resented by this gap extends from the date of the latent slate to 
that of the Upper (^imbrian, and may include the whole of Lower 
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and Middle Cambrian time, with iwssibl}' some earlier eras. 
During all these aeons the Black Hills stood as an island or as 
islands in the Cambrian sea, supplying by their wear and tear 
under the action of the weather and the waves the sand required 
for the building of the Potsdam sandstone. 

The elevation which had set in after the deposition of the 
schists and slates, at length ceased and subsidence ensued. The 
sea ])egan once more to submerge the sinking land, and the Pots- 
dam sandstone already forming in the surrounding sea encroached 
on the island. As the water advanced it destro^'ed the super- 
ticial parts of the old land, and deposited the material as the Pots- 
dam sandstcme. This is seldom more than 250 feet thick, and is 
conglomeratic at base containing pebbles of all the harder rocks 
found in the hills, as well as of the limestone al)ove mentioned. 
These last occur all round the Hills, and in some places comi)ose 
almost the whole of the Inisal conglomerate. 

There can be no reasonable doubt of the identification of the 
Potsdam, though no fossils have yet been found. It is probably 
continuous from its eastern outcrops l)eneath all the other pal- 
leozoic strata. Hut th(» slightly calcareous luiture of its upper 
lavers and the few fossils which thev have thus far vielded. indi- 
cate that these may rei)resent strata much higher in tlie scale. 
This will be more evident after consideration of the next topic. 

VII. 
If the sandstone be referred entirely to the era of the IV^tsdam, 
then there is a second long gap in the strata of the Hills, includ- 
ing all the Ordovician, Silurian and Devonian eras. Hut if the 
(lualification just stated be allowed then the gap only includes the 
Ordovician and Silurian eras — a time suttlciently long. Prof. 
Carpenter has discusstnl this (piestion, and has ado})ted a sugges- 
tion fii-st put forth. T believe, by Prof. Crosliy. The former says: 

"It was shown by the Clmllenger Expedition that in the truly abysmal 
depths of the sea, there is, properly speaking, no sedimentation These 
are the red clay areas which form a characteristic feature of the deeper 
portions of the sea, an<l are found at all depths from 2,000 fathoms down 
to the deepest abysses. They consist of e.xceediuirly fine clay colored 
red with o.xide of iron. Tbis clay is not a sediment, having its origin in 
the erosion of the land, but is derived from the aluminous portion of 
shells, decomposed pumice and fine volcanic ash.'' "So slowly is this 
accumulation taking place that the ear-bones of wbales and the teeth of 



1^ 



T!/i InhuKh of the yorthv^t-Ht, — CI ny pole, 233 

sharks believed to have been extinct from early Tertiary times, liave not 
vet been covered with it." 

*'The point that I wish to make is that if this section sank to these 
abysmal depths during Silurian and Devonian times, it reached a depth 
in which there was no sedimentation, and hence rocks of these ages are 
absent. A slope of only one degree would in two hundred miles from 
the shore have carried it to the depth of 3,000 fathoms, or far into the 
red clay area." 

Though the acute hypothesis above stated can scarcely be as- 
sumed at present, yet one fact strongl}' eoniirmatorj' must not be 
forgotten. When sedimentation again set in limestone and not 
sand was deposited, indicating distance from shore. 

Though apparentl}^ unique thus far in geology as an explana- 
tion of tlie absence of strata, it is certainly at least plausible, 
and none of the objections urged against it have sufficient weight 
lo form an insuperable obstacle in the wa}' of its acceptance. 
On this view the Potsdam subsidence continued until tlie area of 
tlie Black Hills had sunk below the H,(>00 fathoms level, and of 
course tlie tops of the highest peaks were covered with water. 

On tlie cessation and reversal of this movement, the first sedi- 
ment that covered the bottom of the rising area was that of the 
Carlx)niferous lime^itone. This holds characteristic Carl>onifer- 
ous fossils, and indicates oceanic conditions of deix)sit. It is 500 
or (100 feet in thickness, exceedingly hard and durable. Its 
position shows that at the time of deposition the area of the Hills 
was deeply sunk, because over a great part of the district this 
limestone lies horizontal on the horizontal Potsdam, and is never- 
theless elevated above the edges of the slates and schists except- 
ing on the very highest peaks. It has been raised without con- 
tortion, and shows only gentle dips around the margin- of the 

Hill region. 

VIII. 

The incoming of sandstone near the close of the Carl)oniferou8 

deposits indicates that some part of the Pre-Cambrian area had 

then risen above the water, and the lack of any decided break 

between the Palaeozoic and the Mesozoic as well as the variation 

in the material of the Trias shows an unstal3le condition of level 

during that era. The Trias contains beds of bright red cla}"*, a 

very pure 30 -foot limestone, hard and uniform, and enormous 

strata of gypsum cropping out all round the hills in quantity 

sufficient to supply the whole continent. The limestone forms a 
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rampart through which the streams have cut narrow channels, by 
which entrance is with difficulty gained to the central fastness. 
A fine illustration of this structure is seen along the nan-ow- 
gauge railway running up Klk creek from Postville to Lead Cit}'. 

Though the Jurassic beds that follow are conformable to the 
Trias, yet no greater contrast can well be imagined than that 
offered bv these two formations. The former is absolutely desti- 
tute of all trace of life, while the latter contains some of the 
richest fossiliferous strata known anywhere on earth. What 
physical changes are indicated by this difference cannot now or 
hete ])e discussed, but whatever they were, they permitted the 
abounding rei)tilian life of the Jurassic to invade the lifeless seas 
of the Trias. The rapid thickening of the former beds to the 
northwest, as pointed out by Prof. Carpenter and others, show* 
that the land whence they came lay in that direction, while the 
gypsum of the Trias would imply a closed sea and grtnit evapor- 
ation. 

The vast and varied reptile fauna now accumulated by Prof. 0» 
C. Marsh, at New Haven, has been chiefly taken from the Juras- 
sic of the region surrounding the Black Hills. Many of it» 
members ])eing in part or altogether terrestrial, indicate land at 
no great distance, and the Hills then probably rose as islands^ 
above the Jurassic waters. 

Of this fact there is no room for doubt at the commencement 
of the Cretaceous era, for the fine conglomerate at its luise owes 
its origin to the Pre-Cambrian strata of the axis. But the emer- 
gence was apparently only temporary, and was followed by sub- 
sidence, which again carried the Hills under water, and allowed 
the dei)osition of the later Cretaceous beds over the whole area. 
These strata indicate marine conditions, but no great fUstance 
from land, as the}' consist of clays and shale, with little lime, and 
contiiin abundant and beautiful specimens of Baculites, Am- 
monites, etc. 

IX. 

It seems probable that the Cretaceous sea continued on into the 
Eocene era, and that Kocene strata were deposited over the Cre- 
taceous. As Prof. Carpenter has shown, there is evidently a gap 
in the record here. The Eocene is wanting in the Black Hills, 
and the Miocene lies immediately on the (^retaceous. J)urinir 
some part of this interval the central peaks, if not more, served 
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JUS distributing centres of the Prc-Cambrian rocks which lie scat- 
tered over the surface to the distance of 150 miles from the peak. 
They lie below the Miocene beds, and disappear under them at 
their first occurrence, and are even seen below their outliers. 

The means and manner of the distribution of the boulders has 
l)een a matter of some speculation. Prof. Carpenter was once in- 
clined to believe that they proved the occurrence of an Eocene 
ice-aore, but has since abandoned that view. It is not easy, how- 
over, to see how such lK)ulders could be scattered so far over the 
country merely by the ordinary agents of erosion. 

The Miocene deposits were laid down in a great fresh -water 
lake, and in them are entombed the remains of a gigantic mam- 
malia of that era, indicating the proximity of land. During all 
this time the Black Hills stood as islands in this lake, and were 
doubtless tenanted by the animals whose remains are found in the 
strata. Miocene deposits approach within 15 miles of the Hills. 

Here the geological record of the region ends. With the ex- 
ception of a few fragmentary notes of Quaternary time made by 
the usual stream erosion and of the reJics of a few Pleistocene 
mammalia that occupied the Hills, the later annals do not exist. 
The great Ice- Age has left on the Black Hills no sculptured 
hieroglyphics of its ice-chisel, such as those that have immortal- 
ized it elsewhere. No erratic boulders, no arctic drift indicate an 
invasion by the northern ice, and no striation or grooving of the 
rocks leads to the belief that the Hills were an independent cen- 
tre of glaciation. This fact is full of significance. Lying four 
hundred miles north of the southern edge of the great ice-sheet 
they were yet out of the zone of accumulation, and even beyond 
the zone of waste. The ice of the northeast and of the north- 
west expended its strength in crossing the wide prairie regions 
that separate these hills from the great glacial centres of the con- 
tinent. 

X. 

But the chief interest of the region at the present time lies in 
the presence of the tin-ore mentioned at the outset of this paper. 
The economical importance of this mineral is greater than that 
of anv other that the Hills are known to contain. 

Ciissiterite is usually limited to the proximity of granite rocks^ 
but in the Black Hills it is yet more closely limited to the granite 
veins described above as occurring in the older schists. And in 
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these it is, as usiinl, very irregular!}' dissemiiiateil. Some veins 
are altogether barren. In others is found a varjing quantit}' of 
ore, never verj* large. Strings and threads and granules, often 
almost invisible, witli occasionally a lump weighing a few ounces, 
or more rarely a few pounds, are the forms in which the cassiter- 
ite occurs. This, it may Ik* remarked, is the usual mode else- 
where. In some instances, and probably either in choice .speci- 
mens or in chosen localities, a vield of three and even of four 
percent., has been reported. But a sanguine estimate for the 
productive veins of the region could not exceed two per cent. . 
and even this could onlv l3e reached bv careful work and the re- 
jection of poor material. The whole of the stanniferous material 
must be mined and picked over or crushed and washed in order to 
extract the ore, a process that entails considerable lal>or and expense. 

It would be premature to give any positive opinion regarding 
the contents of the veins as the}' are followed down, but judging 
from indications there is no ground to anticipate any change. 
The weathered material on the hill-side is scarcelv richer than the 
lodes, nor are the * 'streamings" to be compared in richness with 
those of some other parts of the world. Hence there is no rea- 
son to conclude that the portions of the veins aln^ad}' eroded were 
any richer than those now existing. Judging also from the ar- 
rangement and the structure of the veins they will run out down- 
wanl as at the surface, and be succeeded by others, and they will 
certainly vary much in richness from place to place — a fact which 
always renders lode-mining an uncertain occupation. 

There has been an immense expenditure of money during the past 
few years in the Hills, in mining machinery and other plant, and it is 
only reasonable to expect some return of metal from the outlay at 
no distant date. Enormous (piantities of cassiterite undou])tedly ex- 
ist in the granite in spite of its sparse and fine diffusion in the rock, 
Init the problem awaiting solution is whether or not it can be con- 
centrated and reduced at a figure that will afford a reasonable profit. 
It is too early at present to say what can be done with better ma- 
chinery and methods, and the practice of the most rigid economy 
in the work. But the experience of a few years will show if the 
tin from the Black Hills can be produced at a figure sufficiently 
low to maintain itself in the open market of the world. If not, 
the subject of Dakota tin-mining will cease to be one of economic 
giH)logy, and will become merely a question of the hight of the 
tariff-wall that can be built around it for its protection. 
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DISCOVERY OF A SECOND EXAMPLE OF THE 

MACROURAN DECAPOD CRUSTACEAN, 

PAL>EOPALy€:OMON NEWBERRYI. 

K. P. WiiiTFiELD. N«'w Vork. 

The occurrence of decapod crustaceans in the Devonian, or 
Ix)wer Carboniferous strata, is so rai*e that the discovery of an 
indivi(Uial is well worth recording; and as Falaopahvomon nrtr- 
hernji is the earliest or first of the group yet known, its occurrence 
may well l)e considered as of special importance. 

A few weeks ago 1 received from Dr. A. 8. Tiffany, of Daven- 
port, Towa, under the name of Echinnraris up,. undescril)ed, a 
fossil crustacean so badly preserved as to be somewhat mislead- 
ing on first examination, but w^hich, on l>eing cleared from the 
rock in some of the critical parts, proved to belong to the genus 
Pahp.opnln onion ^ and so far as the specific features can be ascer- 
tained, to be identical with that species described in the Amer, 
Jour, of JScienre^ Sd Maries, 1880, Vol. 19, pp. J^O-Jfl, and subse- 
(piently in the AnnaU of the Nnr York Acad. Sri., Der.^ /89(K 
p. oOo. n. XI J, Fiys. 19- J 1.* 

The specimen is of alx)ut the same size as that figured as above, 
but much less perfect, as it shows only a part of the carapace, 
the right side and anterior end being quite defective. The basal 
joints of the antennae shown in the first example are entirely ab- 
sent in this one, and the first two segments of the abdomen, 
although present, are so crushed and folded as to be practically 
useless except to prove their existence. The other four segments 
are fairly preserved, and the central spine of the telson and right 
side of the flap are also tolerably well represented ; while parts of 
several of the ambulator}' feet can be detected at points in the 
rock. 

No marked variation from the typical specimen can be found 
on this second example. The central or median ridge of the car- 
apace is well marked, and the two halves are slightly disconnected 
along the i)osterior portion of its length; while the lateral ridge, or 
cari nation, shown on the type, is strongly marked on the left side 
of the present one, and appexirs as an elevated line, like a line of 
suture. There is also an area of depression extending from the 

* Figures of this and several other crustaceous fossils were distrih- 
uted on an albertype plate, with copies of the descriptions, extracted 
from the Amer. Jour. Sri.^ early in 1881, to the number of IJiO copies. 
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anterior margin, at the point of the lateral angulation, backward 
to the median line, at about half the length of the carapace, form- 
ing a large V-shaped depressed area over this part of the surface. 
The ornamentation has been only pustules and pits on the cara- 
pace and segments. 

This specimen is said by Dr. A. S. Tiffany to have been found 
in the Kinder hook group at Kaskade. three miles west from the 
court house* at Burlington, Iowa, in a forty foot l)ed of clay shale 
containing man}- nodules or concretions, one of which this has 
occupied. The type example of the genus and speckles alK)ve men- 
tioned was found in a concretion, from the Krie shale at Leroy, 
Lake Co., Ohio, which is probably of the horizon of the (Chemung 
group of New York, though this is not entirely settled. 



PHYSICS OF MOUNTAIN BUILDING; SOME FU >4- 

DAMENTAL CONCEPTIONS. 

T. Meli.ard Rkade, CK. F. (>. S., Park Corner, BlundellHands, En^'. 

(Jne of the most frecpiently urged objections against the theory of 
mountain evolution with which my name is associated* is its sup- 
posed inadeqiuicy to the production of the re<[uisite lateral pres- 
sure. I hope to be able to show that much of this criticism is 
founded upon misapprehension; that it in fact gives more play in 
this direction than any other theory consistent with geological 
facts, at present in the field. 

The fundamental idea underlying all these theories, and there 
are really very few of them, is that our globe is a cooling spheroid. 
It arises from this, that orographic changes can onl}' occur from 
actual loss of heat by a part of the spheroid, or by redistribution 
of heat and pressure relative or absolute. These princij)les will 
become more obvious as we proceed in our inquiry. 

Changes directly brought about by actual loss of heat, or what 
is called secular cooling, have formed the V)asis of a theory that 
has held the field for a very long time, and when we do not in- 
(luire too closely into the reasoning upon which it is founded, or 
indulge in quantitative investigation, it meets some of the fii-st 
ii priori conceptions of the sort of an agent required to etfect the 
iriffantic corrugations seen in some of theworkVs mountain chains. 
It lias the merit of being a simple idea easily grasped, and the 

^Origin of Mountain Ran*res. 
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postu lutes granted, capable of doing an immense amount of work. 
The conception is now pretty generally recognized as founded on 
a fallacy, for the nucleus of the spheroid is not cooling, ])ut only 
the outer rind to a very small depth while the shell itself is circum- 
ferential ly contmcting, except at the actual surface. The result 
*l)eing.as J was the first to point out, that a much less thickness of 
the crust than was generally supposed is in compression. All this 
is matter of recent scientific historyt but for the further elucida- 
tion of the position I have taken up in m}' "Origin of Mountain 
Ranges." I purpose showing that the secular contraction principle 
will only act as a mountain building agent — granting all the im- 
possible postulates required for it — by an expenditure of heat 
and therefore initial energy out of all proportion to the work 
to l>e done. 

In order to illustrate my meaning and to get the conception 
well into the minds of my readers, I will assume a hard crust 
forming a shell 20 miles thick of equal temperature throughout, 
resting upon a heated nucleus such as we suppose obtains at pres- 
ent in our globe. Assume that this nucleus, cooling only on the 
out(»r surface to a depth of a few hundred miles, loses suflftcient 
heat without in any way changing the temperature of the enclos- 
ing shell, to produce a contraction of 550 feet of a radial bar cut 
out of the nucleus, then in consequence of the principle of cubical 
contraction the radius of the earth would he reduced bv three 
times this amount or 550x3 = 1650 feet. J The hard shell un- 
changed in dimensions would have to fit itself to the reduced nu- 
cleus either by thickening or by cornigation. Let us assume the 
adjustment takes place by corrugation, then we shall have 
1 650 X 6.28 or 10, 362 feet of surplus circumference to dispose of 
in folds measured in any direction over a great circle of the globe. 

1 have chosen the figure 550 for the pur2)ose of eas}* compari- 
son because that is the amount of linear vertical expansion that 
would take place in a crust 20 miles thick as assumed in our ex- 
ampleii raised 1000° Fahr. and is therefore ap ecpiivalent amount 



♦Origin of Mountain Haoges, Chap. xr. 

tSee Smithsonian Report. Record of Science for 1887 and 1888. 
McGee p. 240. 

JThis is not obvious at first sight, hut it arises from the circumferen- 
tial strrtchiug of the cooling outer layer over the uncooled portion of 
the nucleus. 

4$2.7r) feet per mile per 100 Fahr. 
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to the heat lost to produce 550 feet linear radial contraction in 
a cooling globe. 

Let us now examine the potency of the opposite principle of 
expansion which lies at the foundation of my theor}'. I have 
shown that if 10 miles of sediment were laid down on the crust 
of the earth, the underlying strata would be raised 1000° Fahr. 
in temperature by the rising of the isogeotherms, and the bottom 
layers of sediment to the same temperature gradually shading olf 
to the normal at the surface. I have taken 20 miles in thickness 
of the under cnist and overlying sediment combined raised 1000*^ 
Fahr. jis representing my conception of the heating that would 
take place under the assumed conditions. 

I must also ask my readers, to assume that instead of the heat 
being lost, ecjual to the production of such a contraction of the 
earth it is, by some non-conducting covering over the whole earth 
prevented from escaping into space. Under these conditions the 
heat from the nucleus would flow into the assumed shell 20 miles 
thick, until the temperature of the shell and the nucleus l>ecame 
cHjualized. Let us now consider what would be the effect on this 
shell when it was raised 1000° Fahr. in temperature, intercepting 
the precise amount of heat lost into space in the previous example. 

It is evident, firstly, that if the co-efficient of expansion were 
the same at all temperatures in the shell as in the cooling mass it 
envelopes, the radius of the globe would remain the same, if we 
consider the radius as measured to the mean of the irregularitici* 
of the surface which would certainly come into being. 

Secondly, though the cubic contents of the globe would remain 
precisely the same, the redistribution of heat within the mass would 
produce certain stresses and strains which we may easily picture 
to ourselves. The shell 20 miles thick, if it were possible for it 
to receive this accession of heat and sustain itself as a spheroidal 
shell, would increase in diameter. Taking the mean diameter of 
the earth, considered as a sphere at 7912.41 miles,*. and the ex- 
pansion 2.75 feet per mile per 100° Fahr., the mean diameter of 
the spherical shell would be increased 7012.41 x 27. r) = 217, 501 
feet=41.2 miles. Hut it is evident that this could not happen, 
but that the shell must adapt itself to the nucleus, so leaving out 
of account for the present the contraction of the nucleus, which 
would be the same as in the first example, there will be a surplus 

♦Ilerschel. Outlines of Astronomy. 
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of 129.368 miles over every s^reat circle of the sphere to disi)ose 

of iu folds. 

Thus we see plainly that with the same loss of energy by the 

nucleus, very different effects are produced ; the interception of 
the heat otherwise radiated into space, would provide lateral pres- 
sure by expansion compared to lateral pressure by secular cool- 
ing in the proportion of 129.368 to 1.06, or in round figures 
66 times as much. It is worth noting that any effect in conjugat- 
ing the 20 miles shell produced by contraction in the first example 
would add to and intensify the effect in the second example. 

These two comparisons are given merel}' as extreme illustra- 
tions to enable others to grasp the essential difference between 
expansion and secular contraction as mountain building agents — 
neither case is reproduced in nature, but both partiall}' so. In 
place of the absolute non-conductor assumed to envelope the 
globe in the last example, put sedimentary deposits over a ix)rtion 
of it. Under these portions a re-distribution of heat occurs in 
precisely the same manner, though in less degree than in our ex- 
ample, for the sediments do not stop all the heat — only a portion 
thereof. The globe goes on losing heat as before, but much less 
under the sedimentary areas than where denudation is taking 
place, or where the condition of the crust is completely stationary, 
like in the non-sedimentary depths of the great oceans. It is to 
the relative distribution of heat in the earth and its crust that we 
must look for our mountain building agents and for the re(iuisite 
stresses and strains. Some physicists, by a confusion of ideas, 
have supposed, that because there is no actual increase of heat 
under a sedimentary area simpl}' through the raising of the iso- 
geothenus, no mountain building can in this way take place. If 
the idea had been properly thought out the fallacy would readilj- 
have been detected. 

I have dealt with this fundamental idea of the expansion of 
the crust through the interception of heat that would otherwise 
l>e wasted into space because it underlies my theorj' of mountain 
formation. 1 trust my readers will not therefore take this part 
for the whole of the theory for the rising of the isogeotherms is 
the initiator If precedent condition only. 

1 have descril)ed fully in my Origin of Mountain Ranges and 
in the outline of my ''Theory of the Origin of 3Iountain Ranges 
by cumulative recurrent expansion'' published in this magazine 
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Nov. 2, 1891,* the manner in which the internal forces of the 
earth are thus unlocked. 

When we come to test physical theories by geoloj2:ical facts it 
is impossible to ignore the intimate relation that exists between 
sedimentation and mountain formation. It is quite unnecessary 
for me to dwell upon this in an American publication, for it is to 
the lasting credit of American geologists that they were the first 
to establish the fact, and no theory which does not take it into 
account as a first jtruiciph will ever lie likely to establish itself 
as a reasonable explanation. This has l>een seen V>v many 
and from the time of Sir John Herschel down to the present, 
loading by sedimentation and unloading by denudation have beien 
considered more or less a vera causa. Tt does not need deep 
thinking however to see that this can be but a partial explanation. 
Tt is a machinery that must in the absence of some other opposite 
force evidently come to an end — it must run dowu. Some of the 
geologists of the Indian Survey account for the supposed con- 
tinued rising of the Himalayas in a similar way by the denudation 
of the mountains and . the laying down of sediment on their 
flanks and on the (xangetic plain. At the best, whatever value we 
may be Inclined to attach to the explanation, the Himalayas can- 
not have oriyumtcd in this manner. It is not a theory of ^^urighi'^ 
i)ut of ''maintenance" and the lateral pressure that it provides, 
is, compared with any form of the contraction or expansion 
theories, almost zero. 

Mr. Fisher has lately introduced the conception of a fluid zone 
suV)jeot to convection currents. These convection currents flow- 
ing from under the crust under the great oceans are supi)osed to 
drag the crust towards the continents and to produce lateral pres- 
sure and mountain folding on their margins. (I ranting all jthe 
hypothetical conditions recjuired — and this is granting a 
great deal — it is difficult to conceive how convection currents 
which can only originate from ditferences of sj)ccific gravity in 
the fluid itself, due to differences of temperature, could produce 
the necessary force, and still less, act continuously in certain 
directions through all the great time occupied in the building of 
a mountain range. A mountain range is too permanent a feature 
of the earth's surface to have originated or been maintained in 
this manner. 

♦Originally published in the Phil. Mag. 
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lUit perhaps T am unable to do justice to Mr. Fisher's views as 
1 feel insurmountable difficulties in looking at the problem from 
his standpoint. 

We have now almost exhausted the catalogue of initiatory 
compressive agents invoked by various authors for the production 
of mountain ranges. It remains to consider a final one, namely, the 
intrusion of molten matter into the crust, and the detrusion and 
throwing back of the upper strata due to the forcing up of tongues 
or folds of the strata below. These agents can, however, be only 
secondary etTects of expansion or compression, not initiatory 
forces. Nevertheless they play a very important part in the fold- 
ing and building up of a mountain range which I have explained 
very fully in the '^Origin of Mountain Ranges.'" 

1 trust I have now said enough to show that simple expansion 
by increase of temperature is by far the most potent of an}' 
known cause in the production of lateral pressure in the earth's 
crust. If to this we add recurrent expansion and the other 
agencies 1 have endeavored to show from geological and physi- 
cal data are concerned in the building of a mountain range, we 
arrive at a satisfactory solution of the great problem of the fold- 
ing and elevation of mountain chains. 

Jan. IS, 1802. 



NOTE ON THE OCCURRENCE OF ERRATIC CAM- 
BRIAN KOSSILS IN THE NEOCENE GRAV- 
ELS OF THE ISLAND OF MARTHA'S 

VINEYARD. 

\\\ J. B. \Vo(»i)\v<m:tii, SomprvlUo, Muf!*. 

* In the course of an examination of the dislocated Neocene* strata 
of the island of Marthas Vineyard, carried on under the supenision 
of Prof. N. S. Shaler, for the IT. S. Geological Suney, during the 
summers of 1S80 and 1890, I collected a number of chert peb- 
bles from the white (piartz gravel or '"osseous conglomerate'' of 
(ray Head, and from an outcrop of the same age in the village of 
West Ti.sbury. Several of these specimens proved to be fossilif- 
erous: one from the localitv in West Tisburv contains a fossil 
which, on close examination, is seen to be the zoantharian coral, 
Ethmnphyllum^ Meek, of the Lower (^ambrian. 

♦Neocene is here used to designate the Miocene strata of Gay Head. 
See 10th annual Rept. U. S. Geol. Survey, p. 65. 
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The accompanying diagram, Fig. 1, represents a cross section 
of the coral, the outer wall, where wanting, being indicated by 
the dotted line. The fragment found is 6 mm. in diameter.. Fig. 
2 represents a longitudinal section of the inner |)oriferous 
structure. 

This form bears a close resemblance to EthmophifUnm tclntneyi^ 
Meek,* except that the radiating septa meet the outer wall at a 
much less distance than in the figured specimens of this species. 
The numlx>r of septa is about the same, ))eing at least 30. Some 



Flo. 1 J8 drtiwii twice the diaiiu*t«T. 

Fi«. 2 is about five tiin«*»* a>« lartr«» as 
aH original portion. 

Yxii. 1. 

doubt is entertainer] as to the exact equivalency of the number by 
reason of the partial loss of the outer wall and some of the septa 
in the specimen. 

The pebbles of chert from the osseous conglomerate at Gay 
Head show le.ss clearly their organic contents, but coralline stnic- 
ture has been detected in a number of peV)bles. Those contain- 
ing fossils are of dark blue, almost black chert, are more or less 
rounded, smoothened and polished, and range in .diameter from 
half an inch to piece^s two or three times this size. 

Orcurrriic* of the Pthhtea: These fossiliferous pebbles have so 
far been found by me only in the Neocene beds carrying the 
remains of CV^tacea? and sharks, and in the base of the overlying 
greensand in the places where the osseous conglomerate was par- 
tially or wholly reorganized in the deposition of the greensand. 
At (ray Head, the osseous conglomerate is on the average about 
one foot thick, ])ut in West Tisbiirv it attains a thickness 
of at least two. and in some places, three feet, being apparently 
the fossiliferous upper portion of the white sands and clays which 
were deposited upon the plant-bearing Cretaceous beds described 
by Mr. C. D. White, t The number of these chert pebbles in the 
Neocene gravel l)eds is relatively small, the mass of the deix)sit 
l>eing composed of quartz of vein origin. In the (lay Hend sec- 

*C. D. Walcott: 10th Annual Kept. U. S. G. S., p. 001, pi. LV. 

tOn Cretaceous Plants from Martha's Vineyard, .1//^ Joitr. Sri.^ (HI)- 
xxxTx, 1890, pp. 93-101. 
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tioii, i)erhap8 one per cent, of the peb1)les in the osseous con- 
glomerate are of chert. 

Imntediate oriyiti (if the Chert: The immediate source of these 
fossiliferous Cambrian pebbles is apparently to be found in the 
coarse sands and gravels underlying the Neocene formations. 
The age of these beds has not yet been definitely settled : They 
lie, unconformably, by slight erosion of their upper surface, 
below the marine Neocene or osseous conglomerate, and they 
overlie, without recognizable unconformity, the plant bearing 
Cretaceous beds which include the Gay Head lignites. On 
account of this apparent continuity of deposition succeeding the 
Cretaceous beds, the sands and gravels may tentatively be con- 
sidered of the same age. No fossiliferous pebbles have as yet been 
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Fig. S. Correlation Kectioii of the Mtnita involved in the Gay Head dislocation, ehow- 
iiiir poHition of osHeous conglomerate, and Cretaceous Kr*^**!**' 

found in the exposures of these Cretaceous sands and gravels, 
although they are probably present in these beds, as is shown by 
the consideration of the origin of the detritus in the osseous 
conglomerate. 

The detritus of the osseous conglomerate appears to have been 
derived as follows: Sometime after the deposition of the Creta- 
ceous sands, cla3's and gravels, the surface of this formation was 
exposed to ablation in a manner to assort out and carry further 
down the coastal slope much of the finer material, leaving behind 
after a short carriage, a stratum of coarse gravel of the thickness 
j)reviously described. That this quartz pebble conglomerate at the 
base of the identified Neocene was derived from the underlying Cre- 
taceous beds by a sifting process like that just appealed to, and not 
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by the erosion and deposition of fresh detritus from the granites 
gneisses, sandstones and otlier clastic rocks of the mainland, is 
shown by the fact that no decomposable rocks of feldspathic com- 
position exist in the stratum. This view of the origin of some 
of the Tertiary and perhaps earlier Pleistocene gravels of New 
Jersey and Long Island has )>een advanced by Mr. N. li. Britton * 

It is possible to trace the (juartz pebbles and associated cherts 
to a previous cycle of deposition, in which, l)efore the making of 
the CretactH)us beds, the quartz pebbles with the cherts composed 
the finer, quartzose conglomerates of the middle and lower por- 
tions of the Narragansett coal basin. In the coal bearing section 
of these rocks, thei*e occur numerous beds which, but for their 
consolidation and black color, closelv resemble the Martha's 
Vineyard gravels, the thickness of which is explained by the 
extensive erosion of these antecedent (^arljoniferous beds. 

Original sonnw of thr Cherts. The vein (piartz in the Carbon- 
iferous appears originally to have come from the disintegration of 
a ten'ane thickly set with quartz veins, as Britton has suggested in 
the case of similar quartz pebbles in the coast plain of New Jer- 
sey; but the fossiliferous chert pebbles with identifiable fossils 
clearl}^ point to a more definite association of rocks. Cherts 
naturallv associate themselves with limestones, though rarely with 
sandstones, as in the Oriskany, and with shales; but the occur- 
rence of chert pebbles in the lower Cambrian, siliceous limestones 
of Nahant, makes it seem probable that the Martha's Vineyard 
cherts were also derived from a calcareous section of the Olenellus 
Cambrian. As yet the nodules of the Nahant horizon have not l)een 
shown to carry Ethmophy Hum and its congeners, yet Louis Agassiz, t 
in 1850, reported finding in them the structure of an Astrfdu. 

The locality of lower Cambrian nearest to Gay Head is that of 
the red shales of North Attleboro. + a distance of fifty miles, but 
no nodules have been observed in the Attlelx)ro section. That 
there is in the southern coast of Mjissachu setts or Rhode Island 
the seat of an extensive Cambrian section now concealed or 
removed bv erosion, is shown bv the abundant fragments of Cam- 
brian cpiartzites found in the coarser conglomerates of the Car- 

♦American Naturalist, 1875, XXIIl, p. 1033. 

tL. Agassiz: Proc. Am. Acad, II, p. 270; also Proc. Boston Soc Nat. 
Hist., Ill, p. 341, 1850. 

JX. S. Shaler: On the geology of the Cambrian district of IJristol 
Co., Mass. Hulletin Mas. Oomp. Zool., xvi, 1888, p. 13. 



))oiiiferous, j)iirticularh' on the southern l)or(ler. These pebbles^ 
ciirrv Lingula? worm burrows, and more rarely pteropod easts. 
They have been found at Dighton,* Mass., in the Newport eon - 
glomerate by Dale;t T have found Liugulae in a quartzite pebble 
in the red Carboniferous roeks of Attleboro, and they oceur in the 
glaeial drift on fray Head, Martha's Vinej^ard, and Nantucket in 
great al)undance. These quartzite pebbles, however, do not oceur 
in the Neocene gravels, their absence being apparentl}' due to the 
relative ease with which their friable material has been reduced 
to sand in the repeated migrations of detritus which have deter- 
mined the luiture of the Neocene gravels. 

The finding of these chert pebbles adds nothing to the evidence 
concerning the probable extent of Cambrian deposits in this part 
of the state at some time in the past, unless it be to indicate that 
we have to look for an extension of the Calcareous series which 
outcrops near Cape Ann, J at Nahant, and on Mill River, in Wey- 
mouth. \ The general trend of this formation in the direction in 
which we should expect to find the source of the chert pebbles is- 
an incentive to more careful search, which it is the object of this 
paper to foster by calling attention to these less easily seen traces- 
of the Cambrian sediments and fauna. 

T am indebted to professor Shaler for kind permission to publish 
the notes concerning this collection of fossiliferous pebbles. 



ISOBASES OF POST-GLACIAL ELEVATION. 

By Baron (iERAKi) dk <iEER, Stockholm, SwtHlen. 

After the session of the International Congress of Geologists^ 
last summer, in Washington, 1 made a journey of two months 
along the coasts of New England and Canada and inland along 
the St. Lawrence and Ottawa valleys, with the principal purpose 
of determining the limit of the Champlain submergence and the 
amount of the subsequent post-glacial elevation. The following 
is a brief outline of the results obtained : 

Traces of sea action and marine depf)sits of Pleistocene age 

*W. B. Rogers: Proc. BostOQ 8oc. Nat. Hist., 1860, Vol. VII, pp. 
;589-91; W. W. Dodge, ibid, Vol XVII, p. 406. 

tT. N. Dale: Proc. Newport Nat. Hist. Soe , 1884-5, Doc. 3, p. 9. 

t.John H. Sears: Bulletin, Esse.x Institute. XXIII, pp. 12-16, 1891. 

§Aug. F. Foerste: Proc. Boston Soc. Nat. Hist., XXIV, pp. 261-26:5: 1889. 
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above the present sea level were found only north and northwest 
of a line drawn from some point probably a little north of New 
York city to another between cape Cod and Boston and through 
Nova Scotia. In the northwestern part of Nova Scotia the limit 
of the uplifted marine deposits was found at a height of only 
about forty feet. Starting from this line the marine limit grad. 
ually rises toward the northwest, so that another line, called an 
isobase, drawn through points which have been upheaved 300 
feet, passes probably from near Niagara falls by Albany, N. Y., 
and Augusta, Maine, to Moncton, N. B., whence it turns back- 
ward, running northwesterl}' and northerly, crossing the St. Law- 
rence estuary about half way between cape Gaspt» and the 
Saguenay. 

The 600-ft. isobase is probably to be drawn from Georgian bay 
past the outlet of lake Ontario, through the southern part of the 
Adirrjndacks, and thence east- northeast nearly to Moosehead lake. 
Here it makes an abrupt bend to the north and west, similar with 
the loop of the 3(M)-feet isobase at Moncton, and runs first west- 
ward to some point not far from Three Rivers, and thence, turn- 
ing again northeastward, it passes along the north shore of the 
St. Lawrence estuary. The highest directly determined |x>int 
of the former shore line of the submerged area was near Ot- 
tawa, somewhat more than 700 feet above the sea level. 

On the northern slope of the Adirondacks a gmvel and sand 
deposit was found, which was evidenth' formed by a glacial river 
that probably owed its origin to the outlet of lake 1 rocpiois, when 
that glacial lake had sunk from its highest stage and was drained 
between the Adirondacks and the shrinking land-ice. , The level 
of the marine limit in the neighborhood shows that the post-glacial 
elevation there has been no more than three-fourths of the hight 
of the lro(iuois beach. 

When the ice-barrier of lake Iroquois was removed, it seems 
that the sea must have extended from the prolonged gulf of St. 
Lawrence by one branch into the Ontario basin; by another 
through the Ottawa valley and Lake Nipissing into lake Huron, 
unless that pass was still occupied by the land-ice; and by a thini 
branch through lake Champlain down to New York, thus probably 
forming a strait in the Hudson valley. 

The scarcity or absence of marine fossils in these branches or 
inlets of the sea is closelv analojrous with the conditions of the 
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mucli larger, brackish Baltic sea at the time of departure of the 
Scandinavian ice-sheet and also at the present day. 

As to the extent and geological nature of the uplift, there is a 
very close resemblance between the conditions in North America 
and Scandinavia. In each country the maximum upheaval has 
taken place in the center of the old Archaean area of denudation 
which forms the nucleus of the continent, and at the same time is 
the tract where the load of the land-ice was heaviest. The 
amount of the upheaval and the ice- load decre^ised in the same 
directions. Thus the upheaval of the gulf of St. Lawrence was 
less than of the adjoining tracts on the south and north; and 
this accords with the observations of Mr. Chalmers, who has 
shown that the land-ice moved from all sides toward this depres- 
sion, gradually thinning out there. 

It is also to Ije remarked that the lx)undary of the uplifted area 
is prett}' nearly coincident with the limit of the last glaciation. 



BIBLIOGRAPHY OF NORTH AMERICAN VERTE- 
BRATE PAL/EONTOLOGY FOR THE 

YEAR 1891. 

By John Eyerman, Easton, Pa. 

Vertebrate Palwontology has lost one of its most eminent work- 
ers and authorities in the death of Joseph Leidy, M. D., LL. D. 
For the past forty years Dr. Leidy's papers on this subject aver- 
aged about six a year, many of these papers being memoirs of 
more than a hundred pages. Many tributes to his memor}' have 
Ijeen written, but the writer calls particular attention to the arti- 
cles by Dr. Henry C. Chapman (Proc. Acad. Nat. Sci., 1891, pt. 
II, pp. :^42-888), Dr. Harrison Allen (» 'Professor Joseph Leidy: 
His Labors in the field of V^erte'brate Anatomv," Science 18, Nov. 
18, p. 274) and No. 2G of this Bibliography. 

a. Ami, H. H. See Cope No. e. 

1). Ami, H. H. — See Cope No. f. 

1. Barbour, E. H.— Remains of the Primitive Klephant 
found in Grinnell, la., Science, 16, Nov. 7, 1800, p. 26:5. 

2. Baur, G. — Notes on some little known American fossil 
Tortoises. Proc. Acad. Nat. Sci., 18in, pp. 411-480. 

8. Baur, G. — On the Characters and Systematic Position of 
the Large Sea-Lizards, Mosasauridje. Science, 1(>, Nov. 7, 1800, 
pp. 202. 
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4. Baur, G. — On Intercalation of Vertebrae. Jour. Morph. 
4., Jan., pp. 331-330. 

5. Baur, G. — On the Relations of Carettochelvs, Ramsav. 
Am. Nat., 25, July, pp. 031-639, partly jyah 

0. Baur, G. — Remarks on Reptiles generally called Dinosau- 
ria. Am. Nat., 25, May, pp. 434-454. 

c. Baur, G. — Remarks on Reptiles generally called Diuos- 
auria. Review in Am. Geol., 8, Jul}', p. 55. 

". Baur, G. — The Horned Saurians of the Laramie Forma- 
tion. Science 17, April 17, pp. 210-217. 

«S. Baur, G. — The Pelvis of the Testudinata; with Notes on 
the Evolution of the I'elvis in General. Jour. Morph., 4, Jan., 
pp. 345-300. ill. 

<1. Cannon, Jr., G. L. — Identification of a Dinosaur from 
the Denver Group. Proc. Colo. Sci. Soc, Vol. Til, 1890, p. 
253. A short note. 

9. Clark, W. (Berea, Ohio. ) — Announcement of Discovery of 
Fossil Fish in Ohio. (.J. K.) Am. (Jeol. 7, Feb., pp. 143-144. 

10. Claypole, E. W. — Megalonyx in Holmes county, Ohio, 
1890. Am. Geol., 7, Feb., i)p.l22-132. LI 7, March, pp. 145- 
149. 

e. Cope, E. D. — Extinct Canadian Vertebrata from the Mio- 
cene rocks of the Northwest Territories of Canada. Abstract of 
No. 17 by Henry M. Ami. Ottawa Nat. V., No. 4, July, pp. 

f. Cope, E. D. — On some Kxtinct Vertebrata from the Mio- 
cene rocks of the Northwest Territories of Canada, recentlv de- 
.scri])ed bv Professor Cope. Abstract of No. 17 bv Henrv M. 
Ami. Science 18, July, p. 53. 

11. Cope, E. D. — On a New Horizon of Fossil Fishes. Read 
before A. A. A. S., 18!n. 

12. Cope, E. D. — On a Skull of Fquus Kxcelsus Leidy, from 
the E(iuus beds of Texas. Am. Nat., 25, Octo., pp. 912-913. 

13. Cope, E. D. — On Some New Fishes from South Da- 
kota. Describing three lu^w genera and five new species from the 
White River Neocene of Ree Hills. Am. Nat., 25, July, 1891, 
pp. ()54-()58. 

14. Cope, E. D. — On the characters of some Palieozoic 
Fishes. Proc. V. S. National Museum, Vol. XIV, pp. 447-463; 
ill. I. On a new Klasmobranch from the Permian. II. On 



Yertehrate Pahk'ontoJogy, — Eyii'man, 251 

new lchth30(lorulite8. III. On tlie Cranial Structure of Macro- 
petaliclithys. lY. On the pectoral limb of the genus Holonema, 
Newberry. \ . On the Paired fins of Megalichthys nitidus, Cope. 
VT. On new species of Platysomida?. 

g. Cope, E. D. — On the Cranial. Characters of Equus excel- 
sus Leidy. Al^stract in Am. Geol. 8, Oct., 231-2H2. Read be- 
fore A. A. A. S., 1S91. 

!•). Cope, E. D. — On the Non-Actinopterygian Teleostomi. 
Am. Nat. 25, May, 479-481. 

l(i. Cope, E. D. — On Two New Perissodact^ies from the 
White River Neocene of Nebraska. Am. Nat. 25, Jan. 47- 
41>. 

17. Cope, E. D. — On Yertebrata from the Tertiary and Cre- 
taceous Rocks of the North-^Yest Territor}'. I. The Species 
from th(» Oligocene or Lower Miocene l>eds of the Cypress Hills, 
(ieol. Sur. of Canada in (quarto), pp. 1-25; ill. 

h. Cope, E. D. — On the Yertebrata from the Tertiary and 
Cretaceous Rocks of the North-West Territory of (^anada. Re- 
view in Am. Geol. 8, Nov. p. !52C. 

18. Cope, E. D.— The Califoiniii Cave Bear. Am. Nat. 25, 
Nov. pp. 997-99I), ill. 

19. Cope, E. D. — Litopterna. Am. Nat. 25, Aug. pp. G85- 

i\\)?>\ ill. 

2(1. Cragin, F. W. — New Observations on the Genus Trina- 

cromerum. Am. Geol. 8, Sept. pp. 171-174. 

21. Dall, W. H. — Age of the Peace Creek Bone-Reds of 
Florida. Biol. Soc. Wash. March, 1801. 

i. Dall, W. H. — Age of the Peace Creek Bone-Beds of Flor- 
ida. Abstract in Am. Nat. 25, April, pp. 400-401. 

j. Dawson, J. W. — 3Iode of Occurrence of Remains of 
Land Animals in Erect Trees of the Coal Formation. Trans. 
Rov. Soc. Can. 1891 (issued 1892). 

22. Dawson, J. W. — Note on Hvlonomus Ivelli. Geol. 
Mag. Ill, 8, June, p. 258. 

2;j. Dawson, J. W. — On Doidrcrptton aradiauum and other 
CarVjoniferous amphibians. Geol. Mag. in, 8, April, 145-155. 

24. Earle, C. — On a New Species of Pala?osyops. Am. Nat. 
25, Jan. pp. 45-47; ill. 

25. Earle, C. — Palwosyops and allied Genera. Proc. Acad. 
Nat. Sci. 189L pp. 100-117; ill. 
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k. Earle, C. — Pal^eosyops and allied Genera. Review in 
Am. Gfeol. 7, June, pp. 381-382. 

20. Eyerman, J. — A Catalogue of the Pal«eontological Pub- 
lications of Joseph Leidy, M. D., LL. 1). Am. Geol. 8, Nov.. 
pp. 333-342. 

27. Eyerman, J. — Bibliography of North American Verte- 
brate Palieontology for the year 1800. Am. (}eol. 7, April, pp. 
231-238. 

28. Eyerman, J. — Discovery of Mastodon Remains in the 
Shenandoah Valley. Note in Am. Geol. 7, May, p. 335. 

29. Felix, J. — Cretaceous Fishes from Mexico. — Palteonto- 
graphica, 37, pp. 189-194. 

I. Felix, J. — Cretaceous Fishes from Mexico. Review in 
Geol. Mag. iii, 8, Nov. p. 514. 

30. Kost, J. — Mastodons and other mammals from the chan- 
nel of the Ichetucknee River, Florida. Note. Am. Geol. 8. 
Sept., p. 191. 

31. Lucas, F. A. — Anatomy of Hesperornis. Biol. Soc. 
Wash. March, 1891. 

m. Lucas, F. A. — Anatomy of Hesperornis. Abstract in 
Am. Nat. 25, April, p. 401. 

32. Lucas, F. A, — A Specimen of liUnn htti/nms from 
Florida. Biol. Soc. Wash. March, 1891. 

33. Marsh, 0. C. — A Homed Artiodactyle from the Miocene 
Am. J. Sci., 51, Jan., p. SI. 

34. Harsh, 0. C. — Geological Horizons as determined by 
N'ertobrate Fossils. Am. .J. Sci. 52, Octo., pp. 336-338, ill. 

35. Harsh, 0. C. — Notes on Mesozoic Mammalia. Am. 
Nat. 25, July, pp. Oil (HO. 

n. Harsh, 0. C. — Notes on Mesozoic Mammalia. ]*roo. 
Acad. Nat. Sci. 1891, pp. 237-241. 

30. Harsh, 0. C. — Notice of New Vertebrate Fossils. Am. 
J. Sci. 52, Sept., pp. 2r,5-209. 

37. Harsh, 0. C. — On the Cretaceous Mammals of North 
America. Brit. Assn. Rept. 1890, p. 853. 

<>. Harsh, 0. C. — On the (iigantic Ceratopsida' (or Horned 
Dinosaurs) of Noi1h America. I^rit. Assn. Rept. 1890, p. 
793. 

.'»8. Harsh, 0. C. — Restoration of Stegosaurus. Am. J. Sci. 
52, Aug., pp. 179-181; ill. 
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p. Harsh, 0. C. — Restoration of Stegosaurus. (reol. Mag. 
III. S, Sept., pp. 885-387; ill. 

<[. Marsh, 0. C. — Restoration of Triceratops. Geol. Mag. 
III. 8, June, pp. 248-249; ill. 

89. Marsh, 0. C. — Restoration of Triceratops. Am. J. Sci. 
:>L March, pp. 389-342; ill. 

40. Marsh, 0. C. — The Gigantic Ceratopsidae, or Horned 
Dinosaurs of North America. Am. J. Sci., 51, Feb., pp. 1G7- 

ITS; ill. 

r. Marsh, 0. C. — The Gigantic Ceratopsida?. Geol. Mag., 
iif. 8, May, pp. 198-198; id. June, pp. 241-247; ill. 

41. Matthew, G. F. — Fish Remains in the Lower Helder- 
hergof New Brunswick. Note. Am. Geol., 8, July, p. 02. 

42. Moore, J. — A recent Find of Musk-Ox remains in 
Indiana. Indiana Acad. Sci., Dec, 1890. 

48. Moore, J. — Concerning some portions of Castoroides 

ohioensis not heretofore known. Proc. A. A. A. S. , 1890. Ab- 
stract p. 265. 

44. Orton, E. — Megalonyx jeffersoni, Harlan. Com. to 

(Joological Society, Wash., Dec, 1890, nWr Clay pole, E. W. No. 

10. 

4.'). Osborn, H. F. — A reply to Professor Marsh's "Note on 
Mesozoic Mammalia. ' Am. Nat., 25. Sept., pp. 775-788. 

j^. Osborn, H. F. — A Reply to Professor Marsh's "Note on 
Mesozoic Mammalia.'' Read before A. A. A. S., 1891. 

40. Osborn, H. F. — A Review of the CreUiceons Mammalia, 
.'^oc. of Morph. , Boston, Dec, 1890. 

t. Osborn, H. F. — A Review of the Cretaceons Mammalia. 
Proc. Acad. Nat. Sci., 1890, pp. 124-185. 

47. Osborn, H. F. — A Review of the Cretaceous Mammalian 
Fauna of North America. Biol. Soc, Wash., Feb., 1891. 

u. Osborn, H. F. — A Review of the Cretaceous Mammalian 
Fauna of North America. Abstract in Am. Nat., 25, March, pp. 
2!»S-2t)9. 

4S. Osborn. H. F.— A Review of the Discoverv of Creta- 
taceou.s Mammalia. Am. Nat.. 25, Jul}', pp. 595-010; ill. 

V. Osborn, H. F. — A Review of the Discovery of Creta- 
oi'ous Mammalia. Abstract Am. Nat. , Jan. , pp. 44-45. 

49. Osborn, H. F. — Meniscotheriidse and Chalicotherioidea 
Am. Nat.. 25. Octo., pp. 911-912. 
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w. Osborn, H. F. — On the Molars of the Perissodactvla. 
Review of No. 48 (Am. Geol., 7, p. TM\ 1R91 ; also riW/> No. y of 
this catalogue) b}' Mr. Lydekker. Geol. Mag., Ill, H. July, pp. 
317 321. 

50. Osborn, H. F. — Some Characteristics of the Primitive 
Vertebrate Brain. Amer. Morph. Soc, Boston, Dec. 30, 1890, 

51. Pan ton, J. H. — The Mastodon and Mammoth in Onta- 
rio, Canada. Abstract in Geol. Mag., TIF, 8, Nov., p. 504. 

52. SafTord, J. H. — Exhibition of certain bones of Megal- 
onyx, not before known. A. A. A. S., 1891. Abstract in Am. 
Geol. 8, Octo. p. 232, also note Id, Sept., p. 1!)3. 

53. SafTord, J. M.— The Pelvis of the Megalonyx and the 
lot of undescribed Bones, among which it is found from Big 
Bone Cave in Tennessee. Geol. Soc. Am. Aug., 1801. 

54. Scott, W. B. — On the Osteology of Mesohippus and 
Leptomeryx, with Observations on the Modes and Factors of 
Evolution in the Mammalia. Jour. Morph. v. No. 3, Dec., pp. 
301 -40(); ill. Issue<l Jan. 30, 1892. 

55. Scott, W. B. — On the Osteology of P(vbrotherium, A 
Contribution to the Phylogeny of the Tylopoda. Jour. Morph. 
Y, Juno, pp. 1-78; ill. 

X. Scott, W. B. — On the Osteology of Pcebrotherium. Re- 
view in Am. Geol. 8, Nov , p. 327. 

5(). Scott, W. B.— The Princeton Scientific Expedition of 
1891. Princeton College Bull, 1891, 4 pp. part geologv. 

y. Scott, W. B. and Osborn, H. F. — PreliminarA- account 
of the fossil mammals from tlie White River and Loup Fork 
formations, contained in the Museum of Comparative ZoJ^logy. 
Vuh No. 43 (Am. (Jeol. 7, p. 23(), 1891). Review in Am. Geol. 
7, Feb., pp. 134-135. 

57. Shufeldt, R. W.— A Study of the fossil Avifauna of the 
Silver Lake Region, Oregon. Read A. A. A. S. 1891. Abstract 
Am. Geol. 8, Octo., p. 235. 

58. Shufeldt, R. W. — Fossil Birds from the Ec^uus Beds of 
Oregon. Am. Nat. 25, Sept. , pp. 818-821. Describing fourteen 
new species. 

z. Shufeldt, R. W. — On a Collection of Fossil Birds from the 
Equus Bo<ls of Oregon. Biol. Soc. Wash., March. 1891. 

tui. Shufeldt, R. W, — On a Collection of Fossil Birds from 
the Equus Beds of Oregon. Am. Nat. 25, April, pp. 359-3t>2. 
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50. Udden, J. A. — Megalonyx beds in Kansas. Am. (leol. 
7, June, pp. H40-H45; ill. 

bb. WalCOtt, C. D. — Discovery of Fish Kemains in Lower 
Silurian Rocks. Notice by *'L. A." in Science, 17, Feb. 20. p. 
107. 

cc. WalCOtt, C. D, — Discovery of Lower Silurian Fishes. 
Notice in Geol. Mag., in, S, May, p. 240. 

del. WalCOtt, C. D, — I(L Am. J. Sci., 51, March, p. 245. 

ee. WalCOtt, C. l^.—Td.Xm. Nat., 25, Feb., p. 137. 

CO. WalCOtt, C. D. — The Lower Silurian (Ordovician) Ich- 
thyic Fauna audits Mode of Occurrence. (tcoI. Soc. Amer. , 
Aug., 18i)l. 

ff. WalCOtt, C. D.— The Oldest Fish Remains known. Ed- 
itorial comment in Am. freol., 7, May, p. 820. 

61. WhitflBld, R. P. — Mastodon Remains on New York 
Island. Science, 18, Dec. 18, p. 342. 

62. Williams, H. S. — On the Plates of Ilolonema rugosa. 
Abstract in Proc. A. A. A. S., 1800, p. 387. 

gg. Williston, S. W. — A Cimoliosaurus from the Niobrara 
Cretaceous of Kansas. Abstract in Am. Nat., 25, July, p. 653. 

63. Williston, S. W. — A new Plesiosaur from the Niobrara 
Cretaceous of Kansas. Kansas Acad. Sci., Nov., 1800, pp. 1-5. 

64. Williston, S. W. — Kansas Mosasaurs. Science, 18, 
Dec. 18, p. 345. 

65. Williston, S. W.— Stmctureof thePlesiosaurian Skull. 
Science, 16, Nov. 7, 1800, p. 262. 

^^, Williston, S. W.— The Skull and Hind Extremity of 
Pteranodon. Am. Nat, 25, Dec, pp. 1124-1126. 

r>7. Woodward, A. S. — Catalogue of the Fossil Fishes of the 
British Museum, part II, London. Des. of some Canadian species. 

List of New Forms, as Described in the Memoirs of the foregoing list: 

Allops cra$8icornis Msh. *Brontotherium beds, So. Dak. t36 

Amia iiiarrospondyla Cope. Oligocene, Canada, 17 

A. whiteave^iana Cope. Oligocene, Canada, 17 

A, maconnellii Cope. Oligocene, Canada, 17 

Ammosaurus gen. nov. Marsh. Triassic, Conn., 36 

Anrhisaunts colurus Msh, Triassic, Conn., 36 

Ansier rondoni Shuf. Equus beds. Pliocene, Oregon, 58 

Aquila pliogryphs Shuf. Equus beds, Oregon, 58 

♦Formation and locality. 
tRefers to number in memoir. 
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A. sodalis Shuf. 
Ardea palorcidentalis Shuf. 
Belonosionius ornatus Felix. 
Tfranta propinqiia Cope. 
Brontopsvalidus Msh. 
Cifnopwt simplieidenB Cope. 
Cinwliosaurus snowii Williston. 
GorruH anne^tena Shuf. 
GtenacanthuB amhlyxiphias Cope 
Fulica minor Shuf. 
Oephyrura gen. nov. Cope. 
O, concentrica Cope. 
Hybodus regular is Cope. 
L(trutt oregonu4 Shuf. 
L. robustus Shuf. 
Menodus peltoceran Cope. 
Mioplo8U8 multidentatus Cope. 
OUgopl^ reh u» s(/ uamipinnis. 
Oligoplardtus gen. nov. Cope. 
0. sfjiLaiitipinnis Cope. 
Otomitla gen. nov. Felix. 
O. speciom Felix. 
Pdlifosyops mcgarhinns Earle. 
P. minor Earle. 
Paht'Otetri.r gillii S. 
Pahfoletrix gen. nov. Shuf. 
P, Gillii, Shuf. 
PedionHex lurasii Shuf. 
P. nanuH Shuf. 
PhttnieopteruH ropd Shuf. 
Platysomns IticorianKit C»>pe. 
P. pnbnaris Coi>e. 
Proballosfomui* gen. nov. Cope. 
P. Utngvlus Cope. 
Protoceras gen. nov. Msh. 
P. cekr Msh. 
llhinifHtcH rlui'ds Cope. 
/ Sardinu,^ blnckhurni Cope. 
Scolecoph ag us affin is Shuf. 
Styptobasix gen. nov. Cope. 
S. knightiana Copt'. 
Titanojis me<lius Msh. 
ToroxauruH gen. nov. Msh. 
7'. gladius Msli. 
T. latus Msh. 
I'rireratops flatus Msh. 
Ti'lonyv leitroptttamirus Cope. 
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Triassic, Texas, 14 
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Neocene, Neb., 16 

Neocene, So. Dak., 13 
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Washakie Eocene, Wyoni*g 24 

Eocene, Wyoming, 25 

Equus beds, Oregon, 58 

E(iuus beds, Oregon, 58 

Equus beds, Oregon, 58 

Equus beds, Oregon, 58 

£(iuus beds, Oregon, 58 
Coal Measures, Mazon C-reek, 111., 14 

Permian, Indian Ter., 14 

Neocene, So. Dak., 13 

Neocene, So. Dak., 13 
Oreodon beds, Miocene, So. Dak., 33 

Oreodon beds, So. Dak., 33 

Oligocene, Canada, 17 

Neocene, So. Dak., 13 

Equus beds, Oregon, 58 

Permian, Neb., 14 

Permian, Neb., 14 
Brontotherium beds. So. Dak., 36 

Laramie, Wyoming, 86 

Laramie, Wyoming, 36 

Laramie, Wyoming, 36 
Cerifctops beds, Laramie,Wyoming, 36 

Oligocene, Canada, 17 
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OBSERVATIONS ON LLAMA REMAINS FROM COL- 
ORADO AND KANSAS. 

By F. W. Ckawik, Colorado SpringH, Col. 

Kestricting the genus, AHchcina, to Uama-liko forms having the 
premolar formula f, and considering that the dentition of A. 
rafi/oniictt (Leidy) is unknown, the transfer of A. hcstf-nut 
(Leidy) to the genus, JLtlomnnscits, which Cope* has suggested 
on the ground of the pro])able absence of Pm. 3,t has rendered 
it doubtful whether any of the west American (\ini(1l(ht belong 
to Anchnia proper. 

I am indebted to Mr. K. C. Hills, for opportunity to study the 
remains of a cameloid form obtained by him from volcanic ash- 
]>eds on a small tributary of the Huerfano river, in Huerfano 
county, Colorado. These remains, which are now dei>osited in 
the cabinet of the Colorado Scientific Society at Denver, include 
considerable portions of l)oth maxillaries and mandibles and more 
or less perfect contained teeth, with various other parts of the 
skeleton, and pertain to a true Auclifnia, the molar dentition 
presenting the formula Pm. J, >I. |. 

I was at first inclined to identify this Anrhtnla with A. lustenia 
Leidy ; but geographical and some other considerations seem to 
render it more probable that Cope's identification of the maxillary 
in the Condon collection fi'om the Oregon desert with that species 
is corrt^ct; and it is certain that that maxillary, as described, 
represents a ditferent species from the Huerfano county Auchcnidy 
whether Cope's inference of the absence of Pm. 15, and his con- 
sequent reference of the specimen to the genus, Hofomrm'srus^ l»e 
justifiable or not. 

The Oregon desert maxillary is described as having the Pm. 4 
anteriorlv attenuated, an<l this to such an extent as to render it 
•'almost certain that there was no third premolar in front of it.' 
In the Huerfano specimen, there is a well develope<l two-rooted 
untero-posteriorh' elongate Pm. 8, while the large three-rooted Pm.4 
is two-rooted anteriorly and has its crown. in the form of a (juadrate 
prism, the grinding surface presenting a single large (Tescentic la- 
cuna. Tn form, the third and fourth superior premolars thus have 
.some general reseml)lance to those of Procamdus oaufcntah's. 



♦Extinct Mammalia of the Valley of Mexico, p. 17. 

t Inferred from the anteriorly attenuated Pm. 4 in a superior maxillary 
fragment from the Oregon desert, believed h\' Prof. Cope to pert lin to 

hfsfernn. 



258 The American Geologiat, April, iso*- 

In the Oregon maxillary, the posterior palatal foramen * ^issues 
opposite the fourth premolar's internal root." In the Huerfano 
specimen, it opens opposite the anterior part of the iX)8terior root 
of the first true molar, or opposite the middle of the molar. 

In comparing the Huerfano specimen with Leidy's type of A. 
hesterna, it will be noticed that the fourth inferior premolar in the 
former is, relatively to the adjacent first molar, larger than in the 
latter, and that, in form, it more closely approximates a triangu- 
lar prism or wedge; features which are apparently only in part 
due to the somewhat more worn condition of the premolar of the 
Huerfano specimen^ by reason of which condition, however, the 
lacuna of the grinding-surface is closed instead of being open 
posteriorly as in hesfrrna. 

The strongly recurved posterior fifth lobe of the last upper 
molar, in the Huerfano specimen, is but moderately developed; 
for, though the tooth has reached a more advanced stage of wear 
than has the last hucer molar of Leidy's type of hesfvinn^ it does 
not contribute to the area of the grinding-surface, but l>ecomes 
obsolete before reaching the plane of the latter. 

Whatever may be the final generic disposal of the Californian 
hestcriui, and of the Oregon desert maxillar\', the present speci- 
men is a true Anchenui. It lacks, however, the ' 'compression- 
folds' ' seen on the lower molars of recent llamas. Its size was 
closeh' approximate to that of {f HoJnmenisvus) hesUrna, from 
which the available data indicate that it is probably distinct. The 
species may be known as Aurhenin hacr/dfimasis. 

I append the following measurements: 

Inches. 

Mandible, from symphysis to posterior border (latter f .^ 

taken at three inches below iufra-condylar hook) ) ^* 

Elevation of summit of coronoid process above in- ( ^^ 

ferior border of mandible ) 

Depth of mandible at postsymphyseal constriction .... 1.8 

Hame at posterior edge of alveolus of first true molar. . 2.8 

Inferior post-canine diastema 3.8 

Antero-posterior diameter of grinding surface of sec- ( a 

ond true molar ) 

Transverse diameter of same 1.12.> 

Antero-post. diam. grind'g surf, third true molar 1.5 

Transverse diameter of same 1.18 

Major diameter of acetabulum 2.75 

Minor diameter of acetabulum 2.5 

Breadth of cannon-bone at distal extremity 8.6 

Length of first phalanx 4.4 

Bretulth of same at proximal extremity 1.62 

Breadth of same at distal extremity 1.25 
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Some cameloid remains obtained by Mr. K. D. Smith and the 
writer, from loess-marked volcanic ash-beds southwest of Meade 
Centre, Kansas, are also apparently referable to Amhenia huer- 
fanensis. Most of these, including a second or third lower molar,, 
vertebral and femoral epiphyses, etc., pertain to a young animal, 
but there is a proximal half of a first phalanx which, placed side 
by side with the first phalanx of the type of Anrhenia hiwr/an- 
ensis, tallies with it perfectly in size and proportions. 

A canine with gently curved, conical, and bicarinate crown, 
found with this phalanx, and which, therefore, may belong to the 
same species, or even individual, has the enamel thick and smooth 
on the outer, longitudinally grooved or striated on the inner face. 
The axis of its crown makes nearly a right angle with that of its 
root, indicating a long post-canine diastema. The two strongly 
compressed and elevated carinae are formed largely (their cres^ts 
entirely) of the thick enamel-layer of the outer face, and are in- 
wanlly recurved. 

The length of the rectified canine, as preserved, is about two 
inches — to which perhaps a fourth of an inch should be added for 
the tip, which is ])roken off. The length of the root is 1.1 inch. 
The transverse diameter at base of crown is . 4 inch ; the antero- 
posterior diameter at same, about 5.5. The hight of the poste- 
rior carina at base of crown is about . 1 inch, that of the (broken) 
anterior carina being apparently a little greater. 

The capacious shovel-shaped crown of a lower incisor found 
with the preceding, and marked with a semicircular depressed 
area on the distal half of its upper face, ma}^ or may not belong 
to this or imothor Anchcm'ff. It is a first or * *pincer, ' canine, and 
its maximum or anterior width is .75 inch. The rather thick 
enamel of the front or lower face of this tooth is marked with 
fine undulating striteform grooves as in the incisors of the ox. 

A cameloid metapodium from ''old river gravel" at Denver^ 
Colorado, and two fii'st phalanges from the ''Denver loess, ' col- 
lected by Prof. Geo. L. Cannon, indicate animals somewhat larger 
and stouter than those indicated by an}' of the remains above 
noticed, but which, as their teetii are unknown, cannot 3'et bo de- 
termined. 

The metapodium is 14.13 inches in length and, distally, 3.8 
inches in breadth, the articular extremities, as well as the shaft, 
being stouter, in relation to the metapodium of Auchcnia hntr- 
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fannisls^ than the relative breadths of the two specimens would 
indicate. One of the first phalanges has a length of 4.0 inches, 
a breadth proximally of 1.75 inch, and distall}' of 1.5 inch. The 
other, represented by the proximal hal^ onh\ has a maximum 
breadth of full}' 2.13 inches. These phalanges are not stout 
throughout, but expand somewhat suddenly from a comparatively 
narrow cylindrical shaft to the upper extremity. 

The volcanic ash-beds which have yielded the type of Auclunla 
hncrfanensis are regarded by Mr. Hills a« Pliocene. Teeth of 
EqHHs, too much worn to admit of identification, occur in the 
same deposits, which in all probabilit}' represent the **>](iuus 
beds." But whether all of the so-called '*Kquus beds" belong in 
reality to one epoch, is a matter still to \ye determined. 

In his monumental work on Lake Bonneville,* Prof. Gillx^rt has 
produced evidence which seems to definitely establish the fact 
that some of the '*Equus beds* are Quaternary. On the other 
hand, Mr. Hills finds the ash-beds of the upper Huerfano drain- 
age overlaid with a conglomerate which he provisionally l)elieves 
to l)e identical with conglomerates not far distant, and which are 
overlaid by true moral nal deposits. 

The results of further field-work, which Mr. Hills hopes to 
prosecute in (juest of the solution of the age of the Huerfano 
volcanic ash-beds, will be awaited with interest bv ail students of 
stratigraphic geology. 



EDITORIAL C0MME:ST. 



l^ROiiRESS OF A.MERICAN GL.\riAL CtKOUKIV. 

One of the most important contributions from American geo- 
logic exploration to stimulate similar research in Europe, is the 
tracing of the series of terminal moraines across the northern 
United States during the past fifteen years by Cham]>erlin, Smock, 
Upham, Wright, Lewis, Salisbury, Ticverett. and others. The 
interest of Europeans in this class of drift deposits was greatly 
increased in 188() and 1S87 by the discovery and mapping of ter- 
minal moraines iji England, Wales and Ireland, by the late Prof. 
H. (\irvill Lewis, and in (xermanv bv Prof. B. 1). Salisbury. 
Another point in which Lewis was in advance of most of the 

♦Monograph 1, U. S. Geological Survey, 1890, chapters vi and ix. 
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British geologists, is the origin of the shell-bearing drift deposits 
at high levels on Moel Tryfaen, and in other parts of northern 
Wales, Cheshire and Lancashire, which Lewis attributed, follow- 
ing Belt and Groodchild, to transportation by an ice-sheet which 
moved from Scotland and northern Ireland southward across the 
bed of the Irish sea. The work of glacial investigation by Lewis 
in England, which was left unfinished by his lamented death, has 
been taken up with earnestness by many workers under the name 
Northwest of England Boulder Committee, of which Prof. Percy 
F. Kendall, of Stockport, Eng. , is secretary. In a paper before 
the Boston Society of Natural History, March 2, Prof. G. F. 
Wright described the work of this committee, and the admirable 
generalization of Prof. Kendall, now fully demonstrated, that 
wherever the shells, mostly fragmentary, are found in the drift at 
great elevations, there are also boulders from rock outcrops north- 
ward of the Irish sea, brought by the ice-sheet which gathered 
these shells from the sea bed. The '^great submergence" of parts 
of Great Britain, which was supposed to have taken place during 
an interglacial epoch, is thus shown to be a needless and erroneous- 
assumption. 



EEVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



The CauHt of an Ter-Age^ by SiR Robert Ball, Royal Astronomer of 
Ireland. D. Appleton & Co , 1891, pp. 180. 

The discussiou of the cause of an Ice-Age is prefaced in this little 
volume, by a brief statement of the records left by the ice, and by a 
statement of the nature of glacial and "genial" periods As indicated 
by the title, the vital part of the volume is the discussion of the cause 
of glacial climate. This discussion consists of a brief exposition of the 
astronomical hypothesis, — with amendment. Sir Robert's amendment 
to the astronomical hypothesis, as it has commonly been stated, may best 
be given in his own words, set in contrast to the general statement of the 
effect of varying eccentricity of the earth's orbit given by Herschel, and 
(juoted by the author (p. 116). " 'Supposing the eccentricity of the 
earth's orbit was very much greater than it actually is, the position of 
perihelion remaining the same, it is evident that the characters of the 
seasons in the two hemispheres would be strongly contrasted. In the 
northern we should have a short but very mild winter, with a long but 
very cold summer, t. c., an approach to perpetual spring, while the 
southern hemisphere would be inconvenienced, and might be rendered 
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uninhabitable, by the fierce extremes caused by concentrating lialf the 
annual supply of heat into a summer of very short duration, and spread- 
ing the other half over a long and dreary winter, sharpened to an intoler- 
able intensity of frost when at its climax, by the much greater remote- 
ness of the sun.' "* 

Sir Robert would modify the latter part of the foregoing statement of 
Herschel as follows: '*In the northern we should have a short but ver>^ 
mild winter with a long but very cool summer, i. e., an approach to per- 
petual spring; while the southern hemisphere would be inconvenienced 
and might be rendered uninhabitable by the fierce extremes caused by 
concentrating sixty-three per cent, of the annual supply of heat into a 
summer of very short duration, and spreading the remaining thirty-seven 
])er cent, over a long and dreary winter, sharpened to an intolerable in- 
tensity of frost when at its climax, by the much greater remoteness of 
the sun." (p. 118.) 

The new law which is thus announced is elsewhere stated as follows: 
^*Under all circumstances and on either hemisphere 63 per cent, of the 
total heat of the year is received during summer, so that only the re- 
maining 37 per cent, is left for winter, (p. 119.) * * * They (these 
figures) would remain the same however the dimensions of the orbit be 
altered, however its eccentricity be altered, or in whatever direction the 
plane of the earth's equator may inte rsect the plane of the earth's revo 
lution around the sun." (p. 121.) 

The effect of this modification of tlie law governing the distribution 
of heat during summer and winter during varying eccentricities of the 
earth's orbit, cannot fail to greatly modify the conclusions as to the 
climatic effects which varying eccentricity is competent to produce. 
And the author does not fail to make the most of the situation. 

It is calculated that during the time of high eccentricity when the 
summer lasted for 166 days and the winter for 199 (winter in aphelion), 
the ratio between the amounts of heat received daily in winter and in 
summer, is expressed by the figures .68 and 1.38. This difference, it is 
Argued, could not fail to produce a glacial epoch. So sure is the author 
of his conclusion that he says, "perhaps it would hardly be an exaggera- 
tion to assert, that even if geologists had not hitherto discovered the 
Ice Age from its records on the globe's surface, astronomers would have 
demonstrated by calculation that Ice Ages must have happened, and would 
<jven now be urging the geologists to go and look for their traces." (p. 43). 

Sir Robert dissents from some of the conclusions of Croll concerning 
the change in position which the gulf stream would suffer, "as a conse- 
quence of the transference of the glaciation from one hemisphere to the 
opposite." The doctrine of the recurrence of ice epochs, alternating 
with each other in opposite hemispheres, is a necessary result of the 
position taken by the author. The geological evidences of the truth or 
falsity of the hypothesis advocated, are not discussed. 

Geological Survey of Kentucky; Report on t/ie occurrence of petroleum, 

♦Herschel. 
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cultural gas and aapJuilt rock in western Kentucky ^ Edward Okton, pp. 283, 

Frankfort. 
Geological sections and maps. Report submitted April 2, 1891. 

This report contains a review of the prominent theories of the origin 
of petroleum and natural gas, its geological relations, and the phe- 
nomena of the different oil fields, methods of utilization, its physical and 
chemical properties. It is based on the observations made by professor 
brton in Kentucky, in the seasons of 1888 and 1889. The geological 
structure of western Kentucky is discussed, and illustrated by a section 
from Owensboro to Frankfort. This is followed by a brief history of the 
development of petroleum and its products in the state, included in the 
district reported on, each county or district being treated separately. It 
is a valuable report for the state, and will have numerous readers. 

On thi' Tjower Deconian Fish-Fauna of Campbellton, New lintnswicky by 
A. 8. Woodward F. G. S., (Geol. Masr., iii, 9, Jan. 1892, pp. 16) 

The author describes a number of fishes which were collected during 
1891. There are described one new genus, Protodus^ which is named 
from detached teeth only, and is an elasmobranch, and three new species, 
Proto(Juxje.ci, IHplodus probleiuaticus^ and Acanthodes semistriatns. 

On the Characters of Some Pahfozoic Fisfies^ by E. D. Copk. (Proc. U. S. 
Nat. Museum, Vol. xiv, pp. 447-468, No. 866.) 

This valuable paper is divided into seven sections, each complete in 
itself. In Part 1, Prof. Cope announces and describes a new elasmo- 
brancli genus from tlie Permian of Nebraska. The genus is named from 
a single tooth, which resembles in some respects Oxyrhina and Dendro- 
dus. He tliinks it belongs to a cladodont shark and has named it Styp- 
tobanis knight iafui J after Mr. W. C. Knight, who found the tooth and de- 
termined the formation. Stypfobasis knightiana "was a large shark of car- 
nivorous habits and its presence indicates the existence of a marine fauna 
whose remains have not yet been discovered." 

Part 11. On New IcMhyodoruliteSj in which are described Hybodu^ rig- 
ularis from the Triassic of Baylor Co.,Texas, and Ctenacanfhus amhlyxiphias 
from the Permian of Texas. 

Part III. On the Cranial Structure of Macropetaliehthys. In this article 
Macropetalichthys rapheidolabis Owen is compared with Coccosteus, Di, 
nichthys, etc. It is allied to Dinichthys and referred to the Placoder- 
mata (Arthrodira). "The general resemblance of Macropetalichthys to 
the Arthrodira renders it almost certain that it possesses a lower jaw 
and that it is a member of that order." In his synopsis of the families 
of vertebrata (Am. Nat. 28, p. 856), Prof. Cope included this order (Placo- 
dermi) in the Crossopterygia on the supposition that they possessed a 
maxillary arch and suspensorium. In a foot note to page 856 of his 
synopsis he adds: "The position of this order is not yet certain." In 
this present paper he announces that A. S. Woodward in his catalogue, 
has placed Placodermata in the Dipnoi, thus indicating the absence of 
maxillary arch and suspensorium. The structure of the skull of Ma- 
cropetalichthys tends to confirm this. Newberry and others have allied 
Macropetalichthys to the sturgeons; the author concludes that the Arth- 
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rodira cannot be placed near the sturgeons on account of the structure of 
the pectoral tins, and the cranial structure which has no resemblance to 
that of those fishes. 

Part IV. In this part is described the first known specimen of tlie 
pectoral spine, almost complete, of Holonema rugosa ClAypole^ from Mans- 
field, Tioga Co., Pennsylvania. The spine is without complete segmen- 
tation, differing in this respect from Bothriolepis and Pterichthys. The 
spine is continuous to the apex, thereby constituting a generic distinc- 
tion between Holonema and Bothriolepis. Length 54 mm, base width 11 
mm, middle 7 mm. 

Part V. On (he Paire<l Fins ofMegalicJUhys nitidxu Cope. In this paper, 
the author, after announcing the provisional withdrawal of his genus 
Ectosteorhachis (Megalichthys). (Proc. Am. Phil. Soc, 1880, p 56) gives 
a study of the paired limbs and concludes that it is probably intermediate 
between Ceratodus and Pterichthys and possibly Arthrodira. The limb 
structure does not resemble either Polypterus or CeratodUs. 

Part VI. On the Non-Aetinopterygum Telemtomi. This is practically 
the same pap* r which appeared in the Am. Nat., 25 May, 1891, pp. 479- 
481. 

In Part VII the author describes two new species of Platysomida>, P, 
palmaris from the Permian of S. Indian Territory and P. lacovianus from 
the Coal Measures of Mazon Creek, 111. 

Stratif/raphy of the Bituminous Coal Field of Pennsylvania, Ohio, and 
West Virginia. By Israel C. White, pp. 212; with a folded map, 10 
other plates, and 152 figures of sections in the t<»xt. (Bulletin No. 65, 
r. S. Geological Survey, 1891. Price, 20 cents.) 

The classification adopted in this report partly preserves the subdivis- 
ions and nomenclature of the Brothers \V. B. and H. D. Rogers, adding 
thereto sucli new features as now seem necessary from the present 
wider and more detailed knowledge of the coal-bearing strata. The en- 
tire Carboniferous system of the Appalachian region comprises three 
grand divisions, founded on the conditions of their deposition. The 
lower division is exclusively marine; the middle division consists of 
shore deposits, interrupted by incursions of the sea, and includes the 
lower Coal Measures; and the upper division embraces only fresh and 
brackish water deposits, including the upper Coal Measures and the 
Per mo- Carboniferous series of Dunkard creek. Professor White here 
descril)es the outcrops and stratigraphy of the five series into which the 
Upper and Middle Ca-boniferous are subdivided. Many interesting 
(luestions in connection with this work are reserved for discussion when 
the remainin.ir southern half of the Appalachian coal field shall have 
been more fullv studied. 

On a group of colranir mrksfrom the Tfican \fonntain»^ Nvw Mcriro, and 
on the occur renct' of primary 11 uartz in re rtain basalts. Bv Joseph P. In- 
DiNOs. pp. 34 (Bulletin No. 66, I' S. Geol. Survey, 1890. Price 5 cents ) 
The volcanic series of the Tewan mountains shows a gradual transition 
from rhyolites through audesitic rocks to basalts, ranging thus from one 
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■extreme to another in mineral composition. "Tlie whole series," accord- 
ing to Mr. Tddings, in his summary of this investigation, "is characteN 
ized by a variable amount of porphyritical quartz in rounded grains, 
which is very noticeable in some of the basalts. These quartzes arc 
primary secretions or crystallizations from the molten magma, and ex- 
hibit no definite relation to its chemical composition, being present in or 
absent from rocks of similar chemical composition. Their production 
is to be referred to certain physical conditions attending some earlier 
lieriod of the magma's existence. From analog}' with the occurrence of 
iron olivine in rhyolitic obsidian, it seems probable that the formation 
of primary quartz in basalt took place through the intiuence of water- 
vapor while the magma was under considerable pressure " 

Oil a late volcanic eruption in Northern California^ and its pe^^tcliar lava. 
By J. 8. DiLLKu. pp. 33; with seventeen plates, and four figures in the 
text. (Bulletin No. 79, U. 8. Geol. Survey, 1891. Price, 10 cents.) 
Basalt enclosing abundant quartz grains, closely like that described by 
Mr. Iddiugs in the Tewan mountains, is found by Mr Diller to have 
l)eeii very recently erupted at the Cinder Cone, ten miles northeast of 
Lassen peak in northern California. An explosive eruption, ejecting 
bombs, lapilli, and volcanic sand, formed this cone about two hundred 
years ago, as shown by trees whose dead trunks still project through the 
lava that tlowed out from the base of the cone before the explosive ac- 
tion ceased. Afterward a period of inactivity probably lasted a century 
or more, as shown by like deposits which overlie the volcanic sand and 
are covered by a second lava flow. The eruption of this latest lava oc- 
curred probably somewhat more than fifty years ago and was not accom- 
panied by any explosive ejection of fragmental material, the cone being 
undisturbed except at the point on its side whence the molten lava is- 
sued. 

The Cinder Cone rises very steeply to a hight of (340 feet and has an 
average diameter of 2,000 feet at its base and 750 feet across its top, be- 
neath which the pit of its crater sinks 240 feet. The later lava, occupy- 
ing an area three miles long and having an average thickness of nearly 
a hundred feet, was extremely viscous at the time of its eruption, and 
Its cooling crust was repeatedly broken up by the moving mass beneath. 
Its surface therefore is composed of sharp, angular blocks, loosely piled 
together, which were shoved along as a huge stone pile. 

Tiie explosively ejected fragmental lava of the earlier eruption and 
both the earlier and later lava flows contain quartz grains, which 
fre(iuently are so large and abundant as to give a porphyritic structure, 
though more generally they are small and inconspicuous. Their aver- 
ai^e diameter is about one-thirtieth of an inch, but very rarely they are 
found over an inch in diameter. AH of them have been greatly modi- 
fied, apparently by the corrosive action of the magma, and each grain is 
encircled by a shell of granular, acicular augite, which is separated 
from tlie quartz by a film of glass. The author concludes that the 
^{iifiTt'A became crystallized in the magma before its eruption. 
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This valuable paper is illustrated by numerous views of the scenery of 
Cinder Cone and its adjacent tracts of lava. 

Tim relationH of tits Tntps of the Newark system in the Neic Jersey region. 
By NEI.80N HouATio Dartox. pp 82; with a folded map, 5 other 
plates, and 49 figures in the text. (Bulletin No. 67, U. S. Geol. Survey, 
1890. Frice, 10 cents.) The traps of the Triassic area in New Jersey 
are found to belong to two classes. The most important class comprises 
extrusive sheets or overflows, three of which constitute the Watchunir cr 
Orange mountains, curved in their outcrops on account of flexure of the 
enclosing strata. In the second class, comprising intrusive slieets and 
dikes, the Palisades, forming the west shore of the Hudson, are the 
most conspicuous example. Mr. Darton concludes that the eruptions 
producing the Watchung trap sheets were doubtless similar to those of 
some of the great lava-flows west of the Rocky mountains, which during 
the later Tertiary and Pleistocene periods appear to have welled forth 
from long fissures, without the formation of craters or the ejection of 
fragmental materials. 

Earthf/uakes in California in 1889, By J E. Keeler. pp. 25. (Bulle- 
tin No. 68, U. S. Geol. Survey, 1890. Price, 5 cents.) This paper is a 
continuation of the notes of earthquakes in California to the end of the 
year 1888, previously published by Prof. E. S. Holden. It describes all 
the shocks felt at the Lick Observatory on Mt. Hamilton, with others oc- 
curing elsewhere, so far as known, in the state. Forty-one days during 
the year 1881) had shocks which are here recorded. 

A doHSfd and annotated Bibliography of Fossil Insert:<, pp. 101 — Ir«.(lex 
to th' known VttHsil LnstrAH of the World, including Myriapods and Arach- 
nids, pp. 744. By Samuel Hubbard Scudder. (Bulletins (S\) and 71, U. 
S. Geol. Survey. Prices, 15 and 50 cents.) The writings of more than 
Ave hundred authors are cited in the first of these papers, with concise 
descriptive notes. In the second, the bibliography of each known fossil 
species is cited in chronolo^iic order. The Palii'ozoic, Mesozoic, and 
Cenozoic eras are taken up successively, and in each of these time divi- 
sions the principal classes are separately presented: but under each 
class the generic names, and under them the specific names, are ar- 
ranged alphabetically. 

On tht Hear Jiicer Formation^ a Series of Strata hitherto known att the 
Bear liicer Laramie. By Charles A. White,— and The Stratigraphic 
Position of the Bear Itieer Formation. By T. W. Stanton. [Am. Jour. 
Sei., Vol. XLiiT, Feb., 181)2, pp. 91-115.) 

These two interesting papers add another link to the chain of our 
knowledge of the age of the non-marine formations which were form- 
erly grouped under the one name **Laramie." 

Dr. White, in his paper of seven pages, gives a short historical sketch 
of the work that has been done on the Bear Uiver formation, from ita 
discovery in southwestern Wyoming, by H. Engelman in 1859, who, with 
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F. B. Meek, referred it on fossil evidence, to the Eocene Tertiary. From 
the above date to 1876, these beds were continuously designated by 
Messrs. Meek, Hayden and other western geologists as Tertiary, and 
then, on Mr. Clarence King's general map of the 40th parallel, they were 
included in the Laramie, where they have remained without question, 
except for a few lines in Dr. White's Review of the Cretaceous of North 
Ameiica, in which he comments on the peculiarity of the fauna, and 
states that pending investigations may show that the beds may occupy 
an altogether lower position than had heretofore been generally sup- 
posed. The result of these investigations is said to be "that the strata 
which have hitherto been known as Bear River Laramie, are not only not 
referable to the Laramie formation, but that they occupy a lower posi- 
tion, being overlain by marine Cretaceous strata, the equivalents of which 
are known to underlie the true Laramie." 

In this connection it may be stated that the Canadian geologists have 
for some years been recognizing a series of fresh — or brackish— water 
sandstone terranes of a character precisely similar to the Laramie inter- 
bedded between typical marine Cretaceous shales of Montana or Colo- 
rado age. Of them the Belly River series has been traced northward from 
the international boundary line to the vicinity of the North Saskatche- 
wan river; and the Dunvegan series has been found for a considerable 
distance on Peace river underlying marine shales holding characteristic 
Pierre (Montana) fossils. This latter sandstone series is also stated by 
Mr. J. F. Whiteaves in the rei)ort of the Canadian Geological Survey for 
1879-80, pp. 115 B, and 110 B to contain a Cyrena (Corbicula?) "with out- 
line very like that of C. durkeei of Meek" and Corbula pyriformls? 
from the Bear River series of Wyoming. Assuming these identifica- 
tions to be correct we have in the far north an undisturbed sandy non- 
marine terrane intercalated in the marine Cretaceous shales, holding 
two of the same species of fossils as the Bear River formation, and 
occupying a position approximately the same or but a little above that 
assigned to it by Dr. White and Mr. Stanton. 

Mr. T. W. Stanton, in his paper of eighteen pages, gives the strati - 
graphical evidence of the position of the formation as obtained from 
four typical sections in southwestern Wyoming, in all of which the 
beds are highly inclined, folded or faulted, and in places overlain by 
nearly horizontal Wahsatch Tertiary. Mr. F. B. Meek's original section 
on Sulphur creek is first given, and there it is shown not to be continu- 
ous from the Colorado subdivisions of the Cretaceous to the Bear River 
formation, as was originally supposed, but to include at least two sections 
of the latter terrane, between which lie beds as low down as the Juras- 
sic, from all of which characteristic fossils were obtained. 

Finally in a table of formations the Bear River is designated as a series 
of •*very fossil if erous argillaceous and calcareous shale, alternating 
with thin beds of sandstone," and is placed between the "shales and 
coal-bearing sandstones" of the Colorado, and the "conglomerates and 
coarse sandstones" of the Dakota? 
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Noie» to accompany a Tabulation of the Igneaus Rocks based on the Sys- 
tem of Prof H, RosenhuscJi, By Frank D. Adams. {Can. Rec. Set., Vol. 
IV, No. 9, Dec, 1891, pp. 463-469, with table.) 

In the present transition stage of petrographical classification, it is 
a (lifllcult matter to lay before the student a scheme for the determina- 
tion and classification of rocks in which their relations to each other as 
brought out by their mineral and chemical composition are shown clearly 
and concisely. Such schemes or tabulations are usually too much bur- 
dened with unimportant details and doubtful sub-divisions which only 
serve to confuse and bewilder those using them. In the table accom- 
panying these notes, Mr.' Adams has succeeded admirably in presenting 
a classification of the igneous rocks based on that of Prof. H. Rosen- 
busch of Heidelberg, which is very simple, and may be readily compre- 
hended by beginners in petrographical work, whilst at the same time 
nearly all rock names of real importance are included in it. 

The author points out that although there has recently been a strong 
tendency among petrographers to consider rocks from a chemical stand- 
point, yet a purely chemical classification presents many grave difllcul- 
ties, and therefore that mineralogical composition, and structure must 
still play an important part in any scheme which is to be generally 
adopted. 

In his table the igneous rocks are first classified in three horizontal 
columns, headed "Abyssal (Plutonic) Rocks,'* "Dyke Rocks," and "Effu- 
sive (Volcanic) Rocks," the characteristic structures of each of these 
groups being given. 

The table is also divided into eight vertical columns according to the 
mineralogical and chemical composition of the rocks, headed, "Alkali 
Feldspar Rocks," "Alkali Feldspar — Nepheliue (or Leucite) Rocks," 
"Leucite Rock&," "Nepheline Rocks," "Melilite Rocks," "Lime-Soda 
Feldspar-Nepheline (or Leucite) Rocks," "Lime-Soda Feldspar Rocks," 
and "Rocks containing no Feldspathic constituent." 

The rocks are then subdivided according to tbeir bisilicates and micas, 
further subdivisions being made in the more acid ones by the presence or 
absence of quartz, and in the basic ones, the presence or absence of olivine. 

Briefly summarized the more important points to be noted in connec- 
tion with the table are: 

1. In a general way the classification is a chemical one, the rocks 
decreasing in acidity from left to right of the table. The prin- 
cipal exception is the Nepheline, Leucite and Melilite rocks. 

2. Several of the rock groups are given positions which differ 
from those which they occupy in Prof. Rosenbusch*s book, the 
object being to more clearly bring out their chemical relation- 
ships. As examples may be mentioned the Nepheline, Leucite 
and Melilite rocks, placed Immediately after the Orthoclase 
Nepheliue (or Leucite) rocks; the Diabases, here classed with 
the volcanic rocks; the Finguaites, Alnoites, and some of the 
Acmite Trachytes which will be found among the Dyke rocks. 

The Pyroxene rocks are separated from the Olivine rocks, and 
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erected into a new group — the Pyroxenites, a name given by the 
late Dr. Sterry Hunt to certain non -f eldspathic rocks differing 
in origin but having a pyroxene as the principal constituent. 
X Several gaps in former tables have been filled in with recent 
discoveries, such as Malchite, a dioritic rock correspondinic to 
Aplite; lolite, corresponding to Nepheline Basalt, but contain- 
ing g*met; Fourchite and Monchiquite Lamprophyric dyke 
rocks of the Theralite series. 

Little stress is laid on the division of the Volcanic rocks into older 
and newer, but it is still rettiined. In the subordinate classification 
many names, based merely on structural differences in the rocks, have 
been omitted, e, g., Nevadite, granophyric, etc. The typographical 
features of the table are excellent, the relative importance of the various 
divisions being clearly brought out by the use of several kinds of type. 

Important rocks are indicated by heavy-faced type, and when a rock is 
a mere variety of the preceding one, the type is shifted to call attention 
to the fact. 

The author draws attention to the fact that although liosenbusch^s 
group of the Dyke Rocks has called forth much adverse criticism, yet 
this group has certain claims for recognition, and it is therefore retained, 
the three series of "granitic," "granitic-Porphyritic," and "Lampro- 
phyritic'' Dyke rocks, into which it is divided, being separated in the 
table by spacing, not by lines. 

In conclusion, the author acknowledges valu^ible help and suggestions 
received from Profs. Rosenbusch, Geo. H. Williams, and the late Dr. J. 
Francis Williams. 

Report on the Sudbury Mining District, Canada, By Dr. Robert BELii, 
Assistant Director, Geological Survey. This report is the result of three 
years work by Dr. Bell, assisted by Mr. A. E. Barlow and others. It is 
accompanied by a fine map, geologically colored, covering an area of 
72 by 48 miles, equal in extent to about four counties. In doing this 
geological work Dr. Bell and his assistants had not the advantage of a 
settled or surveyed region, but were obliged to do a large proportion of 
the topographical work as well, and to contend against the disadvantages 
of a difficult forest country. The map was compiled under the super- 
vision of Mr. Scott Barlow, chief topographer, and is very finely exe- 
cuted. 

The narrowest part of the great Huronian belt comes within this 
sheet, and is flanked on the southeast by true Laureutian gneiss, but on 
the northwest side this belt is bounded by a mixture of similar gneiss 
with great areas of granites and syenites. The Huroniau rocks which 
are fully described, consist largely of graywackes, with and without 
included fragments and pebbles, and are generally heavily bedded, but 
frequently coarsely slaty. These merge into quartzites, which are also 
largely developed and associated with elongated masses of greenstones 
and thick belts of clay-slate. The series is shown to be largely of vol- 
canic or pyroclastic origin. 

In addition to the undoubted lluronian, there is within this district a 
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basin of rocks whicli may be of Cambrian age. They consiat of dark 
argillaceous sandstones with some shaly beds, underlaid by several 
thousand feet of a remarkable volcanic glass breccia, replaced in some 
parts of its course by black slates. The breccia contains light-colored 
angular fragments which, under the microscope are seen to consist of 
silicifietl pumice, showing, in th<^ most beautiful manner, rows of small 
vesicles as perfect as those in recent volcanic glass. This great band of 
breccia affords conclusive proof of volcanic action on a grand scale in 
these early geological times. At the base of the series is a band of 
qiiartzite-conglomcrate with white quartz pebbles. 

The celebrated nickel and copper deposits of the Sudbury- district 
come within this area aud are described l)y Dr. Bell. He gives the re- 
sults of his investigations on the relations and mode of occurrence of 
these ores. They would appear to be always associated with the green- 
intones, and to be most abundant at the contact of these rocks with some 
other, especially where the contact is intersected by a line of dislocation 
or by one of the gal»bro dykes, which are numerous in the district. The 
ixrcurrence of trold, silver, lead and other metals is described, and assays 
for ni<'kel and gold are given by the chemists of the survey. 

There are four appendices: I contains a careful description of the 
microscopic and other characters of about fifty kinds of rocks from the 
distri<t by Prof. Geo. H. Williams, of Johns Uopkins University. 
II gives the levels along the Canadian Pacific Railway and of the prin- 
ri|)al lakes. Ill is a list by the best authorities of 78 species of Lepid- 
optera, collected by Dr. Bell north of lake Huron, and IV explains the 
meanings of the Indian geographical names in the surrounding country. 
The report is illustrated by some fine photo-engravings. 



lA^T OF ]{KC'E^T PUBLICATION'S. 



Tran<. N. Y. Acad. Sci. Nov.-l>ec.. contains: On the Geological Age 
.tnd Relations of the Potomac (Troup of Virginia and Maryland, J. S. 
Xewlierry: <Jn the Microbe of Phosphorescent Wot^, A. A. Julien; 
Note on Hydrazoie Acid, a new mineral acid, H. C. Bolton. J*tn,-Frb. 
X". contains: -Monticellite. anew mineral, J. F. Williams; Recent Work 
in North American Mammaloirv. .1. A. Allen. }fitr^h Xo. contains: — 
Man of the Stone Aire. F. Starr. 

Trans. Canadian Inst„ Oct., iy.n, contains: Notes on Nickel, by George 
Mirkle: B<»ne Caves, by Arthur Harvey: iiold and Silver in Galena and 
Inm Pvrites, bv R. He war. 

.Tour. Elisha Mitchell >cient. Soc. for ISIM. Part 1., contains: The Alex- 
ander Co. Metet)ric ln»n. S. C. II. Bailev. 

Proc. Calif. Acad. S< :. Vol. 111. Part 1. rontains: Notes on the Geology 
and Peir«.>irraphy of R*ija California. Mexico, Waldemar LiDdgren: 



Kruptive Rocks from Montana, Waldemar Lindgren; Notes on the Sub- 
alpine 3Iollu8ca of the Sierra Nevada near Lat. 38°, W. J. Raymond. 

Minnesota Academy of Natural Sciences. Bulletin No. 2. Vol. Ill, 
contains: The field ol geology and its promise for the future, W.J. 
McG'-e; A check-list of the pahvozoic fossils of Wisconsin, Minnesota, 
Iowa, Dakota, and Nebraska, Bruno Bierbauer; The deep well at Minne- 
opa, Minn., C. W. Hall; Notes of a geological excursion into central 
Wisconsin, C. W. Hall; The Stillwater deep well, A. D. Meeds; The iron- 
bearing rocks of Minnesota, II. V. Wiuchell; Cryptozoon ininnesoterme in 
the Shakopee limestone at Northfield, Minn.,L. W. Chancy, Jr.; A recent 
visit to lake Itasca, Warren Upham. 

///. Piipem in Scientific JouinwU, 

Am. Jour. Sci. Oct, No, contains: Structural Geolog}' of Steep Rock 
hike, Ontario, H. Jj. Smyth; Geological Horizons as determined by Ver- 
tebrate Fossils, < ). C. Marsh. 

No,\ No. contains: Report of the Examination by means of the Micro- 
scope of Specimens of Infusorial Earths of the Pacific Coast of the 
r. S., A. M. Edwards; The Tonganoxie Meteorite, E. H. S. Bailey; New 
Analyses of Uraninite, W. F. Hillebrand; The Tertiary Silicified Woods 
of Eastern Arkansas, R. Ellsworth Call; Occurrence of Sulphur, Or- 
l)iment, and Realgar in the Yellowstone National Park, W. H. Weed and 
L. V. Pirsson; Mineralogical Notes, L. V. Pirsson: Peridotite Dikes in 
the l^ortage Sandstones near Ithaca, N. Y., J. F. Kemp; New Locality 
for Meteoric Iron with a Preliminary Notice of the Discovery of Dia- 
monds in the Iron, A. E. Foote; The South Trap Range of the Kewee- 
nawiin Series, M. E. Wadsworth; Geological Facts noted on Grand River, 
Labrador, A. Cary. 

- ])fr. No. contains: Percival's map of the Jura-Trias trap-belts of central 
Connecticut, with observations on the upturning, or mountain-making 
disturbjiuce, of tlie Formation, J. D. Dana: Notes on a Missouri Barite, 
C. I.uedeking and H. A. Wheeler; The Contraction of Molten Rock, C. 
Barus; Notes on Michigan Minerals, A. C. Lane, H. F. Kellar, and F. F. 
Sharpless. 

Jan. No. contains: Theory of i\n Interglacial Submergence in England, 
ir. Frederick Wright; Permian of Texas, Ralph S. Tarr; Chemical Com- 
position of lolite, O. C. Farrington; Relation of Melting Point to Pres- 
sure in case of Igneous Rock Fusion, C. Barus; Discovery of Clymenia 
in the Fauna of the Intumes censzone (Naples beds) of western New 
York, and its Geological SigniHcance, John M. Clarke; New Meteoric 
Iron from (Barrett Co., Md., A. E,. Foote; Farmington, Washington Co., 
Kansas Aerolite, G. F. Kunz and E. Weinschenk; Skull of Torosaurus, 
O. C. Marsh. 

Geol. Mag. Nov. No. contains: On Pkuron<iutilu» nodoHocunniUtuny A. 
II. Foord: Contributions to Precambrian Geology, J. F. Blake; On Nor- 
mal Faulting, T. Mellard Reade; Work done b}' Lobworms, C. Davison; 
On AofmoHitrs jurcnsin^ E. T. Newton; On Athyris heviuscula, Norman 
<ila^s. 



272 Thff Amencan Geologist, April, leee 

Dec, No, coxii9Xu%'. On OleneUus caWivei And its Geological Relatiou- 
sliips, C. Lapwortli; Petrologlcal Notes, W. M. HutcliiDgs; Pholidoph- 
orus gennanicm in the Upper Lias, Wliltby, A. S. Woodward; Pseudo- 
trionyx from tlie Bracklesham Beds, A. 8. Woodward; Notes on Stereod(yn - 
melttensisj J. H. Cooke. 

American Naturalist, Sept, No, contains : A Ileply to Prof. Marsh'fr 
"Note on Mesozoic Mammalia,'^ H. F. Osbom. 

Oct, No, contains: A Sketcli of the Geology of South America, G. 
Steinmann; Notes on the Hearts of Certain Mammals, Ida H. Hyde. 

Nov, No, contains: The Permian, Triassic, and Jurassic Formations in 
the East Indian Archipelago (Timor and Kotti), August Rothpletz; The 
Hat Creek Bad Lands, J. 8. Kingsley. 

Canadian Record of Science, July^ 1891, contains: On a new Horizon 
in the St. John Group, by G. F. Matthew; On some Granites from British 
Columbia and the Adjacent Parts of Alaska and the Yukon District, by 
F. D. Adams. 

Ottawa Naturalist, Not,, 1891, contains: Canadian Gems and Precious 
Stones, by C. W. Willmott. 

IV. Excerpts and Individual Publications. 

On some of the Melaphyres and Felsites of Caradoc, by Frank Hutley, 
From Quart. Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

On a Spherulitic and Perlitic Obsidian from Pilas, Mexico, by Frank 
liutley. From Quart. Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

A New Locality for Meteoric Iron with a Preliminary Notice of Dis- 
covery of Diamonds in the Iron, by A. E. Foote. From Proc. A. A. A. S. 
Vol. XL. 

The Trias of the Vale of Cleoyd. Notes on a section of the Trias and 
Boulder Clay in Chapel Street, Liverpool. A Further Note on the De- 
composed Boulder and Underlying lied Sandstone in the Chapel Street 
Section, Liverpool. By T. Mellard Reade. 

The Cause of the (xlacial Period and an Explanation of Geological 
Climates, by Marsden Manson. From Trans. Technical Society of the 
Pacific Coast, Vol. vin. 

T". Foreign Publications. 

Fold. Koz. (Budapest) Vol. xxi, Nos. 6 and 7, June and July, 1891, 
(Supplement) contains: Die Bewegungen auf den Schemnitzer Erzgan- 
gen in geologischer Beziehung, Szabo; Mineralogische Mittheilungen. 
Zimiinyl; Uber die gwei geologischen Kamten Rumftniens. 

Annual Report of the Department of Mines, New South Wales, for the 
year 1890. Sydney, 1891. 

Jahresb. des Vereins fllr Erdkundezu Metz far 1890-91. 

Trans. Leeds Geological Association. Part vi. 1890-91. 

Gestreifte Magnetilkrystalle aus Mineville, Lake Champlain Gebiet, 
Staat New York, von J. F. Kemp. Sep.-Abd. aus "Zeitsch. fUr Krystal- 
lojfraphie, etc.," xix. 

Uber das tranakaspische Naphtaterrain. Uebersicht der Geologic 
Daghestans und des Terek-Gebietes. Ueber das diluviale, arabokaspisehe 
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Meer und die nordeuropaische Vereisung. Beitrage zur Geologie des 
Berges Savelan im nordlichen Persien. Ueber die Thatigkeit der 
Schlammvulkane in der Kaspischen Region wahrend der jahre 1885-87. 
Beitrage zur KeDDtaiss der Erzlagerstiiltezi von Moravica und Dognac- 
ska im Banat, von Hj. Sjogren. Sep.-Abdftcken. Jahrb. k. k. geol. 
Reiclisanstalt 1886-87. 

Den arktiska floran forna utbredning i Iflnderna oster och soder om 
Ostersjou, af A. G. Nathorst. 

Wissensch. Veroff. Vereins filr £rdk.zu Leipzig. I. Band contains: 
Beitrflge zur Geographie des f eaten Wassers. 

Annales de Geographie, publi^^'es sous la direction de P. VIdal de la 
Blache et Marcel Dubois. 

Anales del Instituto Fislco-Geograiico Naclonal do Costa Hica, 1880, 
par Prof, E. Pittler. 

Annual Report of the Department of Mines, New South Wales, for 1890. 

Bulletin de la Socl^t^ Geologiqu«de"France,t.xix, Oct., 1891, contains: 
Note sur TEocene tunisien, par M. Aubert; Note sur le Tissotia tissoti, 
par M. DouvilK*; Un filon d^argile plastique, par M. Tardy; Note sur le 
S(^Donien et en particuller sur Tage des couches ii Hippurites, par M. A. 
Toucas; Sur la G<5ologie des environs de Moustiers, par M. CoUot; Sur 
la situation des couches A Terebratula diphya dans I'Oxfordlen superieur, 
j\ rOuarsenis (Alg^rie), par M. E. Flcheur; Notes sur Thistolre et la 
structure gC'ologique des chaines alpines de la Maurlenne du Brian- 
connais et des r<^gions adjacentes, par M. W. Kilian. 

VI, Scientific Laboratories and Museums, 
Johns Hopkins University Circulars, No. 94; The Geological Excur- 
sion by University Students across the Appalachians in May, 1891, by 
Geo. H. Williams. 

Bulletin of the American Museum of Natural History, Dec, '91, con- 
tains: Observations on some Cretaceous Fossils from the BeyrOt District 
of Syria, with Descriptions of some New Species, by R. P. Whitfield. 
Catalogue of the Michigan Mining School for 1890-91. 



SUPPLEMENTARY LIST OF THE WRITINGS OF 

ALEXANDER WINCHELL. 

(Continued from paf^e ISTi.) 
1852. Ye J low liain, proving it to be pollen of coniferous trees. (Ala- 
bama Whig, April, 1852.) 
1852. Analysis of Artesian water. (Alabama Whig, Dec. 22, 1852.) 
1852. Chemical examination of "Sandy Land" soil. (Alabama Whig, 
two articles.) 

1859. On the Geological Position of the Brine Springs of Grand Rapids 

[Michigan]. (Grand Rapids papers, Oct , 1859.) This was the first 
correct announcement ever made on this subject. 

1860. On the Salt Sprin«^ of Saginaw. A commuulration to the su- 

perintendent of the Saginaw Salt works (Saginaw Enterprise^ 
Feb., 1860.) 
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1862. Is the brine at Bay City obtaiued from the same source as the 
brine at East Saginaw? (Saginaw Courier, July, 1862.) The 
first announcement that the Bay City wells are supplied from 
the conglomerate of the Coal Measures. 

186:1 How^ shall we perfect the Agricultural College? (Detroit Adver- 
tiser and Tribune, Feb., 1863.) Three articles advocating a more 
professional or special organization. 

1868. Important railroad conneutions with Ann Arbor. (Mich. State 
News, July, 1863.) This advocated a line from Toledo to Ann 
Arbor, Holly and East Saginaw, fifteen years before it was finally 
completed. 

1865. Draft of an act to provide for the completion of the Geological 

Survey. Passed the House, Feb. 10, 1885. Lost in the Senate. 

1866. Report on the Bruce Oil Lands at Oil Springs, Canada West, 

With maps, and two articles contributed by him to the Chicago 
BepuJMcan, Jan. 17 and 20, 1866. Pamphlet. 

1866. Petroleum in Middle Tennessee. (Pittsburg Mining and Manu- 

facturing Journal, 7 Nov., 1866.) 
1860. Christian Theology illustrated from Nature, {N&rthuiesiern Chris- 
tian Advocate, Chicago.) A series of 22 articles, the first ap- 
pearing, Jan. 2, 1867. 

1867. Stromatoporidir. (Proc. Amer. Ashoc. 1866, Buffalo meeting.) 

[See notice of his geological publications in Jahrbuch, for 1867*. 
pp.99, 100. 101.1 

1868. The Geological foundations of our state, (Detroit We^kli/ Adver- 

tiser and Tribune, 27 Nov. 1868. Daily do. 30 Nov.) 
1860. Impending crises in Nature. (College Courant, July 12 and 17, 
1869.) 

1870. Brazil in the. Reign of Ice. With Illustrations {Golhge Courant, 

June 4 and 11, 1870.) Opposes the view of L. Agassiz that the 
valley of the Amazon was covered by a continental glacier. 

1871. The mineral fertilizers of Michigan. Report Dept. of Agricul- 

ture, Washington, 1869. 
1S7I. Geological history of Mammoth Cave. (Indianapolis Daily Jour- 
nal, Aug., 1871; Ani4iric(in NaturaliHl, Nov., 1871.) 

1872. Kakistocracy, or Too much Popular Goveroment. Lecture de- 

livered at Mattoon, 111. 4 Dec, 1H71. (Mattoon Journal, 6 Jan., 
1872.) 

1873. Reason for the Faith. Baccalaureate address at Syracuse I'ni- 

versity. (Syracuse JourfKil, Northern Christum Advocate,) 

1873. The German G^^mnasium {Cnicersity Herald, Oct., 31, 1873.) 

1874. The Genealogy of Ships. (New York Daily Tribune, 16 July, 1874, 

New York Chrintiau Advocate; Golden Age; New York Inde- 
pendent, etc.) Elicited a number of replies in the Tribune. An 
ironical jeu d^esprit directed against the assumption that 8uc> 
cession and structural relation in a series of specific forms, is 
proof of genetic relation. 
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1874. The Battle Fields of Faith. A baccalaureate address delivered 
at Syracuse University, June 21, 1874. (Syracuse Courier and 
Journal^ June 21; Northern Ghrhtian Advocate^ 2 July, 1874.) 

187f). The Beautiful. An address delivered before the State Female 
College, Memphis, Tenn., 14 June, 1876. {Western MHhodist, S 
July, 1876: Northern Christian Advocate, Jul3% 1876.) 

1876. State and School. (New York Daily Tribune, 12 July, 1876.) A 
criticism of the address of Charles Fitch before the New York 
State Teachers' Association. 

1876. Huxley in New York. A review of his three lecturer, (Christian 

Union, 11 Oct., 1876.) 

1877. On the Origin of Species. )Syracu8e Journal, 20 March, 1877.) 

Eighth lecture of a series. 
1H7H. The old age of continents. A University Lecture, (Syracuse 
Journal, 81 Jan., 1878.) 

1878. Science gagged in Nashville, (Nashville American, 16 June, 1878.) 
1878. Reply to the Nashville Christian Advocate (Nashville Auuriran, 

19 July, 1878.) 

1878. A plea for Modernized Education. Address before the National 
Convention of DKE, delivered in the Academy of Music, New 
York, 24 Oct., 1878. (N-w York Daily Tribune, 25 Oct.; Sjrracuse 
Journal, 28 Oct.; Educational Weekly, etc.) 

1878. Culture and Knowledge. Address before the .Esthetic circle, 
Syracuse, and repeated by request in the hall of Y. M. C. A., 
Syracuse, 14 Nov. 1878. (Syracuse Journal, 17 Nov., (1878, and 
many times reproduced in various parts of the country.) 

1881. Primitive stages of cosmical evolution (Science, ii, 179, Ai>r. 16, 

1881). 

1882. The Interpretation of Nature. Address at the dedication of 

Agassiz hall, Martha's Vineyard, 20 July, 1882. (Institute ller- 

iikl, July 21, 1882.) 
1S82. Misconceptions about evolution. (Northern Christian Adcocate, 

Sept. 14, 1882.) 
188.*{. ContentH of a work on Religion and Intelligence. Pamph. 8vo. 

8 pp. Feb., 1883. 

1883. Communism in the United States. (North American Review, May, 

1883.) 

1884. Editorials for The Index, 17 June, 1884. 2.000 words. 
1884. Horror Mongering. (Index, 12 July, 1884.) 874 words. 

1884. Open Letter to Teachers on the teaching of geology. (Circular 

issued by S. C. Griggs & Co.) 775 words. 
1884. The Mania for Facts. (Index, 13 Sept., 1884). 1 ,050 words. 
1884. Minor editorials. (Indix, 13 Sept., 1884.) 1,986 words. 
1884. The race factor in civil institutions. (Index, 29 Sept , 1884.) 1,000 

words. 
1884. Minor editorials, (Index, 27 Sept., 1886.) 242 words. 
1884. Decay of the American conscience. (Index, \\ Oct. 1884.) 1,000 

words. 
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1884. Trades-Union unreasonableness. (Index, 25 Oct., 1884). 1,138 

words, 
1884. Minor editorials. {Index, 25 Oct., 18S4). 601 words. 
1884. Are the churches decaying? {Index, 8 Nov., 1884.) 1,364 words.. 
1884. Minor editorials. {Index, 8 Nov.. 1884). 1,274 words. 
1884. Minor editorials, (//wfdc, 22 Nov., 1884). 310 words. 
1884. Non-classical collegiate courses, {Index, 6 Dec, 1884.) 1,200 words. 
1884. Minor editorials, (/nrf^r, 6 Dec, 1884.) 1,814 words. ' 
1884. Notice of Lowrey's Philosophy of Ralph Cudworth. {Index, 6 

Dec, 1884). 281 words. 

1884. The rights of Religion in School. {Itulex, 20 Dec. 1884.) 1,147 

words. 
1884. Evolution as a hobgoblin. (Index, 20 Dec, 1884.) 1,300 words. 

1884. Minor editorials. {Index, 20 Dec, 18S4.) 1,753 words. 

1885. Have we any Scientific Literature? {Index, 3 Jan. 'ST),) 1,320 

words. 
1885. Minor editorials. {Index, 3 Jan., 1885.) 900 words. 

1885. The constitution of University authority. {Ind^x, 17 Jan., 1885.) 
1,417 words. 

1885. Minor editorials. (Index, 17 Jan., 1885.) 1,064 words. 

1885. The decay of the land. (Index, 31 Jan., 1885.) 1,339 words. 

1885. 3Iy views on the elective franchise. (Chronicle, Ann Arbor, 25 
April, 1885.) 885 words. 

1885. Table for determination of minerals. (Young Mintrnlogist and 
Antiquuriah, April, 1885.) 550 words. 

1885. Continent building. (77<^ Unireraity, 13 June, 18a5.) 1,717 words. 

1885. Table for the determination of rocks. (Young Mineralogist and 
Antiquarian, May, 1885.) 

1885. Congratulatory address to Prof. Asa Gray. Adopted by the Sen- 
ate of the University of Michigan. Published in the Register, 
Ann Arbor, with Dr. Gray's reply, 25 Nov., 1885. 



CORRESPONDElsCE. 



AuKOw Points from the Loess at Muscatine, Iowa.— The hills on 
which the city of Muscatine stands are covered with a very fine deposit 
of loess, which in some places must be nearly fifty feet thick. It is easy 
to find the border of this loess lake. 

In this deposit have been found great quantities of land shells, several 
pieces of bones, the remains of at least two American reindeer, a consid- 
erable part of the antler of the elk or common deer, pieces of wood, etc., 
etc For several years 1 have thought there ought to be found in this 
loess unmistakable evidence that men were here when the surface of 
this lake was nearly 150 feet above the i)re8ent high water of the great 
river at our feet. 

Much of the loess is excellent for makinir brick. At several points 
hills are for this purpose cut away, leaving banks sometimes more than 
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twenty feet high, of the finest loess. Recently I have been able to gather 
some information concerning relics of man from this deposit. Mr. Chas. 
Freeman, a brick-maker, says he took from the loess, on the north side 
of Eighth street, near St. Mathias church, at a depth of about twelve feet, 
an arrow point. 

In answer to my questions he said it could not have fallen from the 
top, for he took it out himself and noted especially the print in the loess. 
There seemed to be no possible chance that it could have ocotten there 
through a hole or crevice. The loess at this place is very fine-grained, of 
a yellowish brown color, exhibiting slight indications of strata. At 
another yard, about two blocks from the above, on Iowa avenue and 
Ninth street, this same gentleman was moulding brick in the old fash- 
ioned way. In thrusting the clay into the mold he felt something sharp, 
And an examination brought to light an arrow-point. 

At first sight it would seem as if this And would have been worth little or 
nothing, but on cleaning the arrow point it was found to be largely covered 
with blue clay, quite different from the rest of the loess at this place. 

A bed of this same blue clay was strikingly shown here about ten 
feet below the surface, showing that this arrow-point w^as well covered 
by this same clay. 

I examined this bank, and unless the arrow-point could have been so 
covered in the process of mixing, it must have been originally buried in 
the blue clay, which is ten feet or more below the present surface. 

In the suburb of this city, about one milc^ from where it enters the 
Mississippi, Mad creek has cut away a hill forming a bank forty to fifty 
feet high. At about twelve feet from the top is a bed of gravel and 
sand. In this gravel Mr. Joe Freeman, a young man in the third year 
class in our high school, found a considerable fragment of the tooth of 
an elephant. In this same bed I observed numerous flint chips. The 
upper portion of this hill is loess. At the foot of the bank the creek 
runs over an argillaceous or arenaceous limestone of Devonian age. 

On both sides of the Mississippi in this locality on the most command- 
ing bluffs are numerous mounds of earth, the work of men. These are 
believed to be very ancient. So far I have not observed mounds on the 
loess. May not these arrow or spear points mentioned above, have been 
made and used by the builders of these mounds? F. M. Witter. 

The Serpentines of the Coast Kanges in California. — In a paper 
on " The Pre-Cretaceous Age of the Metamorphic Rocks of the Califor- 
nia Coast Ranges,'^ published in the March number of the American 
Geologist, Mr. Harold W. Fairbanks states that his view that the ser- 
pentine in the Coast ranges is an altered eruptive, is in opposifion to 
the views of others who have studied those rocks, except those given in 
a few brief statements published in the Bulletin of the Geological 
Society of America, in 1891. He also states that professor Whitney and 
his assistants held that the serpentine is an altered silico-argillaceous 
rock, referring to Whitney^s "Auriferous Gravels" in support of his 
statement. On turning to page forty-two of the last mentioned work, it 
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will be seen that I was considered responsible for most of the nomencla- 
ture of rocks mentioned In that volume, and that the results were not 
then fully published. At that time I was an assistant to professor Whit- 
ney, and therefore, with his other assistants, am held responsible by Mr. 
Fairbanks for the view which he has quoted. The results of my work 
were published in 1884, fortheperidotities, in my **Lithological Studies.'' 
In this work there were described more or less altered peridotites or ser- 
pentines from Colusa county, in the Coast range, and from Inyo, Sierra, 
and Plumas counties in the Sierra Nevada. All these described speci- 
mens were considered to be more or less altered forms of perldotite, in 
proof of which eight colored lithographic figures were given. (See my 
" Lithological Studies," pp. 129-182, 142, 158, 189-192, plate 5, figures 1, 2,. 
8; plate 6, figures 3, 4, 5, 6; plate 7, figure 1.) It was also then stated 
that the microscopic and lithological characters of the Coast range peri- 
dotite and serpentines studied, as well as those from the Sierra Nevada, 
indicated that they are eruptive. I may also say that, so far as the 
specimens described by myself were concerned, the results obtained by 
me were accepted b}' professor Whitney in 1882 as satisfactory and con- 
clusive. As I have never studied any serpentine that I considered other- 
wise than derived from the alteration of peridotite or some allied erup- 
tive rock, Mr. Fairbanks* confirmatory observations are of very great 
interest to myself. M. E. Wadsworth. 

Michigan Mining School, Houghton, Mich., March 2, 189:^. 

EN(iLA('iAL DKiFT OF LoNo IsLAND. In the December number of the 
American Geoixkjist, Warran Upham calls the attention of glacialists 
to certain criterea of englacial and subglacial drift. 

In my study of the drift formations of Long Island, I had noticed a 
difference between the bottom and surface portions of unmodified till» 
but was never able to draw a line between them. Of course, when the 
two were separated by a layer of stratified material, the surface part 
could easily be recognized from the hardpan, but where this line of 
separation does not take place it is diflicult to determine exactly where 
the one leaves off and the other begins. It is true, as Mr. Upham re- 
marks, that the upper drift is yellowish in color, and is looser in texture 
than the hardpan, but the two blend into each otlier in such a way as to 
render a distinct separation impossible, and yet I am inclined to think 
that they are two <listinct formations. One was laid down probably 
when the glacier advanced; the other was deposited when the ice sheet 
retreated. The surface drift is variable in depth, and there are sections 
where it is absent altogether or is only represented by a few large 
boulders: as at Rockliill, near Eastport, Long Island, where a huge 
erratic is seen resting on the stratified gravel, the finer material having 
been washed away. In general, however, this yellowish sandy boulder 
drift covers the surfnce of Long Island. It covers the hills as well as 
the depressions at Brooklyn, and large niggerheads are everywhere seen, 
where the lots are vacant, protruding out of the drift which is only a few 
feet in thickness. Along the line of the terminal moraine it is very much 
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the same, although not so determinable in places. It is very light ou the 
ShiQecock hills, for here the stratified gravel comes very near the surface. 
The bottom drift is also variable, and subject to many modifications. 

The Bockaway Beach railroad, that cuts through the ridge north of 
Woodhaven, exposes an interesting section of drift. The moraine is 
broken up by old subglacial streams, and adjacent to these depressions, 
the material near the edges of the bank, show signs of stratification, but 
these stratified layers never extend clear a^rross the cut except near the 
surface. In the center of the bottom part of the drift is a mass of 
boulders in a sandy matrix, and over this is the hardpan, which is also 
full of erratics. Then comes the modified drift, and over all the so-called 
englacial drift which probably was laid down after the fioods had sub- 
sided. The modification of the drift at this point tends to prove, I think,, 
that kettle -holes were in some way connected with subglacial rivers. 

North of the terminal moraine the whole bottom part of the drift 
seems to be modified, although a small section was exposed at Hidge- 
wood, where underneath some fifteen or twenty feet of stratified sand 
and gravel was a stratum of unmodified boulder clay of unknown 
depth,^and there may be other sections like it that have not been ex- 
posed. Ridgewood, near Brooklyn, is situated near an old water chan- 
nel that comes up through the Newtown creek depression. The under 
boulder drift was probably deposited when the ice-sheet lay over the 
island. The stratified sand and gravel tell the story of the floods dur- 
ing the melting of the glacier, and the upper deposit or englacial drift 
was laid down when the ice-sheet retreated. This upper drift thins out 
towards the depression showing that the fioods must have prevailed 
while the deposition was going on. The waters must have receded, how- 
ever, before the ice-sheet had disappeared, for the depression as well ds 
the ridges are covered with unmodified boulder drift. 

Professor Agassiz said: "All American drift is bottom drift." And in 
a sense this is true. I am inclined to think that the so-called subglacial 
drift is as much englacial as the surface portion of unmodified till, that 
is, both were held in the ice-sheet until deposited. 

On Long Island as the glacier advanced from the main land the sub- 
gla* ial streams advanced with it, modifying the drift and carrying much 
of the detritus beyond the southern limit of the ice-sheet. The south 
side of the island is chiefly composed of this stratifled material. These 
ancient streams can be traced by the depressions from the sound to the 
sea, and the upper deposit of unmodifled drift that covers in general, 
the stratified deposits, shows, I think, that the streams were subglacial 
and not superficial. There is little direct evidence on Long Island of 
superglacial drift. The subglacial beds of stratified gravel are not so 
H anty as Mr. Upham supposes, for. as far as my observations go, they far 
exceed all other glacial deportits. The greater part of the terminal moraine,, 
moraines of recession, or kame moraines, and the bottom part of the 
valleys and plains owe their modified condition to subglacial currents- 
I am aware that the terminal moraine is generally spoken of as being 
composed of unmodified drift. This is true of the surface part only. 
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for when broken into there are few places that do not show signs of 
stratification especially along old lines of drainage. On the extreme 
west end of the island where the flood of waters was great, nearly the 
whole of the morainic material is affected by it. The old subglaciai 
channels are innumerable along the whole extent of the terminal moraine 
and the marginal kames and kame deltas were formed by the icy cur- 
rents that issued from the front of the ice-sheet. Where the currents 
were strong the moraine is correspondingly broken, and the kames in 
front become more prominent as may be seen in the vicinity of Fort 
Hamilton and Greenwood cemeteiy. These marginal kames extend out 
for some distance from the ridge pro|>er, and it is rather difficult to de- 
termine their exact southern limit, except by the slight covering of un- 
modified drift. 1 am inclined to think that the ice-sheet did not end 
with the so-called terminal moraine, for even the kame delta^ that extend 
south wanl to the ocean are covered with a yellow ir^h sandy clay, very 
much like the englacial drift referred to by Mr. Upham. 

It is true, that the boulder line seems to end with the marginal kamsM^ 
yet there is such a blending of the two, that no distinct line can be 
drawn between the marginal kames and kame deltas. The unmodified 
boulder drift covering the former would show, however, that the so- 
called englacial till extended farther southward than the subglaciai till, 
in its unmodified form. It has seemed to the writer that these southern 
kames could not have been formed without the aid of an ice-sheet, and it 
may be that a study of this so-called englacial drift will lead to the 
solution of the problem, for this superficial deposit covering the plains 
on the south side of Long Island has never been satisfactorily explained. 
I made mention of it in my pamphlet on the formation of Long Island, 
published in 1885 and was unable to account for its origin. It still re- 
mains a puz/le, but I think we are getting nearer an explanation. 

Eaftp*^ri. /,.T.jJah.,/7j 1S92, .Joiix Bkvsox. 



PERSONAL AND SCIENTIFIC NEWS. 



Professor G. FREUERirK Wrhjht deliveriHl a scrii»s of ten 
lectures in Boston during February and March, on ••The Antiquity 
and Origin of the Human Race."' :u> one of the free I^owell In- 
stitute courses. The bearing of geology on this subject centers 
in the (|uestion, Uow long ago was the (rlacial period? Professor 
Wright in reply accepts the conclusions of Prestwicli, Gilbert, \. 
II. Winchell. and others, baseil on the amount of postglacial 
erosion of waterfalls, and on other evidence, which from many in- 
dependent observations, computations, and estimates, give 7,000 
to KKOUO years, more or less, as the time since the great ice- 
sheets of North America and EuroiK* were melte<l away. Man 
was eontem|)oraneous with the latest and maximum extension of 
the ice on Ijoth continents, as is known by his stone implements 



in the gravel doiM>sits formed by streams which lirought this mod- 
ified drift from the ice in which it had l>een enclosed as englacial 
drift. Under the lavas of Table mountain, California, and of 
Nampn, Idaho, the implements and other relics of men, and even 
their l)ones. includiuij: the famous Calaveras skull, have been 
found and assigned to a vast anticjuity, but the}* may probabh' be 
no older than the latest general glaciation. The last great local 
accumulation of glaciei*s and ice-sheets on the Sierra Nevada and 
more northern parts of the Cordilleran mountain belt to Alaska 
is referred by Wright, as by Russell and Becker, to a subsequent 
time, during the Recent epoch. No proof of man's existence 
during even the later part of the Tertiar\' era has been obtained, 
and l^rof. Wright believes that the evolution of the human race 
has V)een comprised wholly within the Quaternary era, probably 
occupying no more than 50,000 or 100,000 years. The substance 
x)f these lectures will be mainlv included in a book entitled "Man 

ft- 

and the (Jlacial IVriod." soon to be issued in the International 
Scientific Series, supplementing the author's previous work on 
"The Ice Age in North America. ' 

Prof. Kbwrx J. Pond, of the V. S. Coast and (tEodetic 
Si'RVEY. died in Washington in February, of scarlet fever. He 
was a vouuiT man of sturdv habits and a most earnest student of 
natural science, known to but a small circle of scientific people, 
owing to his modest demeanor, and his long residence in mission- 
arv labors in the education of colored youth in the remote south. 
An ardent student of «:eolojrv and botany, he was a constant col- 
lector and contributor of data to others who published them. 
Although having resided in Washington but a short time, he had 
made many interesting discoveries in local geology. The writer 
first knew him in Texas, where, with his class of students, Prof. 
Pond discovered and collected the remarkable and as yet unpub- 
lished fauna of the Shoal Creek limestone, which he deposited in 
the National Museum. He published several short pai)ers in Sci 
ence on Texas geology. R. T. H. 

The Swiss Committee of Organization for the sixth session 
^)f the Tnternational Congress of (Jeologists has been constituted 
definitely as follows: K. Renevier, president; Alb. Heim, vice 
president: H. Golliez, secretary, and C. Kscher-Hess, cashier; 
I)r. A. Baltzer, Dr. Kd. l^rueckner, L. Duparc, Dr. K. Du Pas- 
<iuier. Dr. Kdm. v. Fellenberg. Dr. F. A. Forel, Dr H. Frey, 
Dr. .J. Frueh, Dr. I", (irubenmann. Dr. A. (rutzwiller. Dr. A. 
Jaccard. Dr. K. Kissling, Dr. Fr. Koby, Dr. F. R. Lang, P. 
deLoriol, (r. ^lariani. I)r. Y. Muehlberj;. L. Rollier, Dr. H. 
Schardt, Dr. (\ Schmidt. 

At a meeting held 2H Dec. 18!)1, this committee decided that 
the next session of the Congress will be held at Zurich, near the 
end of August or the commencement of September. The lengtli 
of the session can be reduce<l to four days. One of these days. 
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at least, will be devoted to the meetings of the sections, in which 
(luestions of more special interest will be treated. There will be 
three sections, viz: 1. Mineralogy and petro*rraphy : 2. Strati- 
graphy and paleontology. 8. General geology. 

The committee intend to have two sorts of excursions, viz: 
Foot-excursions, and railroad and steamboat excursions. The 
former will bt^ for the purpose of studying the geological features 
in trips across the Jura and the Alps, and would be suitable only 
for those accustomed to long walks. The second will be planned 
to enable the participants to see the principal classic regions in 
Swiss geolog}'. By the time of the session it is expected that 
there will be a number of mountain railroads, which will enable 
the visitors to see some of the most elevated portions of the 
region. Excursions will also start, preceding the session, from 
different points, west or north from Switzerland, and will converge 
at Zurich. Also after the session other excursions will depart 
from Zurich, radiating through the Alps, and then will reunite at 
Lugano, where the Congress will finally close. 

Suitable later announcements will be made, giving more details. 
Tt is evident that the Swiss Committee have entered upon their 
duties vigorously and in goo<l season. 

Princkto.n SriENTiFrc Expkdition i)v 1891. This expedition 
under Prof. Scott, explored the so-called Ticholeptus beds of the 
Deep River region, Montana, <luring thi' months of August and 
September and secured a large amount of valuable material. These 
so-called Ticholeptus beds which are lacustine, are comparatively 
limited in extent and lie between the Belt ranges. The beds lie 
uncomf<>rmably upon inclined (■arl>oniferous (?) limestone and 
slates. Fossils were found in abundance at only two places. 
According to Prof. Scott, the Deep River l>eds are composed of 
at least two and perhaps three distinct horizons and in this respect 
he differs from Prof. Cope, whostilist of species from this locality 
is misleading in the fact that the species are all grouped under 
one horizon. Prof. (V)pe. however, did not personally visit the 
localitv. In the first horizon ten srenera were identified; in the 
second twelve; in the third or top bed four. In all these V>eds 
there are still some genera to be identified. I'rof. Scott comes to 
the conclusion that the Deep Kiver ( 7V(7/o//y*^^v) IkhIs form a com- 
plete transition between the John Day and the Loup Fork. 

Mr. W. J. McGkk, ok thk Umtkd States CiKol<kucal SrR- 
VKV, gave the lectures on G^nlnyi/ in series S, in the course of 
public lectures of Columbian University, Washington. They were 
twelve in number, extending through January and February, 1S02. 

Dr. K. W. Clavpole, Akron, ()., gave a 'course of twelve geo- 
loirical lectures in March, before the Rose Polvtechnic Institute 
at Terre Haute, Indiana. 
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AN EXPERIMENT DESIGNED TO SHOW THE UP- 
WARD MOVEMENT OF SUBGLACIAL 

DEBRIS. 

1\\ OsHiAN UuTiiRiE, Chicago, HI. 

Tlie following exporimtMit \VHH(leviK(>d Hometiine hIiicp by Mr. Ctiithrie to Mhow that 
>iihi;lacial material ri^eK through the ice during itn forward movement. Since the experi- 
mont ban been referred to in thin jtuimal* an nhowing that Hubglacial material doeH nave 
such motion, it has been deemed advinable t<} give an account of the experiment an 
•M|ually wide distribution. The experiment of Mr. Oiithrie wan described in a paper 
entitled "The Lake Michigan (ilacier and Glacial C'hannelK acroHH the Chicago Divine" 
proxented to the (;eoh>glcal Society of Chicago, Octo1)er8(), WW. Ed. 

A l>ox was eonstructod 8 ft. long, i\ ft. high, and 10 inches 
wide, to ropresont a valley. The inclination of the box was 
slight, abont six inches in the eight feet. The bottom of this 
Ik>x (large A in the cnt) extended abont three feet beyond the* 
box at the npi)er end, for a fnlcrnm for the lever E. The box 
had no cover and bnt one end, (small A) which was designed to 
repi-e.-Hcnt the npper end of the valley and also aid in applying 
the pn»ssnre reqnired to move the ice. Through this head a slot 
or mortise was cut, Hx 10 inches, through which the piston I) 
moved : this head also formed one side of the hopper or chute G 
whicii extended from om^ foot above the top of the valley to the 
lM)ttom. This hopper or chute opened into the upper end of the 
valley directly in front of the piston D to which, through the 
agency of the lever K, a total force of 1,500 pounds could Ih» 
applied if necessary. The sides of the box were supported 
against the great pressure by several strongly l)olted clamps. 
This box was then tilled to the top with broken ice FF, and the 

*Amekican r,EOL0<iisT, Vol. IX, March 1892, p, 187. 
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hopper was filled with a mixture of broken ice and rtnl sandstone, 
alx)ut half and half in Inilk. The sandstone gave the mixture a 
dark color, and also gave it a 8i)ecific gravity much greater than 
that of the pure ice in the valley. The lever was then operated, 
and the hopper kept supplied with the mixture until it was forc«*d 
up through the clear ice in the valley, as shown by the dark masH 
between FF in the cut. A freezing mixture was then applied to 
the sides of the l)Ox. and the whole covered with canvass and 
allowed to remain until fi'ozen, when one side was removed and a 
photograph taken from which the cut was made. Three similar 
experiments had been made previously, with gravel and cement, 
all resulting, the same. 

The colored material introduced at the bottom of the upper 
end of the valley appeared at the surface of the ice with roundeil 
front, '^in true glacial style." 



PRELIMINARY DESCRIPTIONS OF NEW BRACHIO- 

PODA FROM THE TRENTON AND HUDSON 

RIVER GROUPS OF MINNESOTA.* 

N. JI. Wix« iiKM. and Chaklks SrnrciiKUT, Minm*ap<>IiK. 

Lingula riciniformis var. galenensis. 

The conspicuous difference ])etween L. riciniformis Hall, and 

this varietv, is that the former is constantlv two thirds the size of 

the latter, and that the greatest width is across the center of the 

length of tlie valv(»s. while the variety is widest in the anterior 

third. In the (ialena hori/Ani at Oshkosh, Wis., this variety is 

not rare, and there attains twice the size of L. ririni/onnitt Hall. 

Plate wix, flus. 10, 11. 

Fonmition ami lot'alitjf. Galena shales, north brancli of the Zunihro 
river. 

Lingula (Glossina) deflecta. 

Shell medium size, suhtriangular; lateral margins diverging- 
more or less rapidly from an acute apex, to the broadly rounded 
and deflected anterior third. Shell substance thick, and marked 
by strong, irregular concentric lines of growth, between which are 

♦The designations of tigures and plates refer to Vol. Ill of the Final 
Report on the (Geology and Natural History of Minnesota. Advance 
prints distributed Apr."^!. h^l>2. 
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numerous finer ones. In a profile view the line of conjunction of 
the valves is more or less convex dorsally. Pedicle (ventral) 
valve flat or slightly concave along the center lengthwise, and 
strongly convex transversely. 

Brachial (dorsal) valve strongly convex, both tmnsvei-sely and 
longitudinally. In the interior of this valve the cardinal margin 
is broadly flattened, striated, divided centrally by a well defined 
narrow depression which terminates at a point one-fourth the 
length of the shell from the posterior edge. Near the |X)sterior 
end of the depression are faint traces of the umlx)nal scar. The 
viiscular trunks are discernible on each side and anterior to the 
rostral depression; thence having the same curve as the outer mar- 
gin of the valve, proceed to a point somewhat l)eyond the i)oster- 
ior half of the shell, where they gradually converge and meet near 
the anterior margin. Vascular branches originate only from the 
outer side of the vascular trunks. There is no other species of 
Linguln from the Lower Silurian, with the peculiar deflected ;inter- 
ior portion of the shell so characteristic of this species. 

Plate XXIX, tigs. 15-18. 

ForimUioii and locality. Near the base of the Galena, near Fountain, 
jind in the Hudson River, near Spring Valley, Minn. 

Lingulasma galenensis. 

Shell large^ oblong; subpentagonal. Anterior margin slightly 
convex, somewhat produced in the center. This species ditfers 
from L. srlmclmvti Ulrich, in that the brachial (dorsal) valve is 
deeper: platform and median septum shorter, and the crescent 
^mailer. In the pedicle (ventral) valve the platform is also shorter 
and is of an entirely different shape. The muscular scars of this 
specit».s are also more distinct, while the interior pedicle area is 
absent. 

Plato XXX, figs. 1-4. 

Formatiini a/ul loriility. Near the top of the Galena limestone, IJear 
creek south from Hamilton, Minn. AUo in the Galena limestone at 
Decoralj, Iowa. 

Strophomena septata. 

This sjiecies seems to be a local development of *S'. trtntiHtfnsis- 
and .so far as external characters are concerned no distinguishing 
features can be pointed out Compared with S. rmjnsa we find a 
still closer general resemblance, both externallv and internallv. 
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It can, however, he separated readily from both when the interior 
is shown, by the strong mesial septum of the pedicle (ventral) 
valve. This originates between the diductor scars and contiunes 
to increase in strength to near the anterior margin where it often 
coalesces with one or two of the vascular ridges. In S. treiitou - 
rnMtit the thickening of the interior near the anterior margin of the 
pedicle valve is obsolete, or entirely undeveloped — which is 
another distinguishing feature. The cardinal processes in both 
these six^cies are also more elevated, while the rostral thickening 
{\\)OU which it rests is less strongly developed than in S. m^osa. 
The septum of the pedicle (ventral) valve in S. neptata, will also 
distinguish it from S, incm-vata^ in addition to its smaller size, 
and comparatively greater width than length. 

Plate XXXI, figs. 1-3. 

Formation and locality. Coninion in the upper third of the Trenton 
jshales at St. Paul and Miooeapolis, and at Pleasant Grove, Olmsted Co., 
>linn. 

Strophomena planodorsata. 

liarge, semi-circular or sub-quadrate in outline, cr>ncavo-con- 
vex, wider than long, greatest width along the hinge- line or 
imniediutely in front of it. Surface with fine radiating stria* every 
other or every third oiu» somewhat stronger than those intenne<li- 
ate, crossed by exceedingly delicate and closely crowded concen- 
tric lin(»s, and towards the anterior margin by a few larger sul>- 
inibricating lines of growth. 

The size, large flattened area of the doi^sal valve, and the sub- 
quadrate muscuhir area (llstingiiish this six^eies from all others of 
the S. rnyosa type. 

Plate XXXI, figs. 8-10. 

Fovfu^ttion and locality. Hudson Hiver group. Spring Valley; Irou 
Kidge, Wis.: Wilmington, 111. 

Strophomena scofleldi. 

Shell small, .semi-circular in outline, biconvex, with a more or 
less prominent fold and sinus toward the anterior margin; hinge- 
line a little shorter than the greatest width; area of pedicle (ven- 
tral) valve forming an angU' of about 140° with the plane of the 
lateral margin, centrally occupied ]>y a convex perforated delti- 
<rmm; that of the brachial (dorsal) valve fitting closely against 
.the other valve. Surface marked In' numerous crowde<l, 
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rounded, radjiating striae, increasing in number by implantation, 
and from 110 to 120 along the outer margin in adult shells, 
crossed by delicate, crowded, concentric lines and a few coarser 
growth marks. 

Brachial valve not deep, evenly convex or with a fold near the 
anterior margin. Cardinal area verj' narrow, and slightly re- 
flexed. Cniral plates prominent, very oblique, coalescing medi- 
ally; upon this thickening at the base two low ridges originate 
which continue upward and outward into the small low cardinal 
processes, about one half of which is covered by the deltidium. 
Immediately underneath the crural plates are two pairs of small 
adductor muscular scars, separated by a low rounded and short 
septum which bifurcates anteriorly. 

Pedicle valve somewhat deeper than the other, evenly convex 
or with a l)roa(J shallow sinus near the anterior margin. Hinge 
teeth prominent and joining with the outer elevated margin of 
the short, sub-oval muscular area. This area is centrally divided 
by a low ridge separating the two pairs of adductor and diductor 
scars. 

This species is of the type of S. sinuntn (James) Meek (Pal. 
Ohio, vol. 1, p. 87, pi. V, figs. 5^/ to 5/), but can be distin- 
guished readily from that species by the smaller size and greatoi 
number of striie, which is about 60. The profound fold and sinus, 
greater size and less uumerous stria? of #V. sn/ctit(t de Yerncuil, 
will distinguish it from S, stojivldi 

Plate XXXI, figs. 17-20. 

Formation and lomlity. Rare near the top of the "Trenton shales at 
Minneapolis and St. Paul: common near the base of the Galena in asso- 
ciation witli GlitamhoniteH direrm at several localities to the south of 
Cannon Falls. 

Strophomena emaciata. 

Shell small, depressed, biconvex, semi-circular in outline: 
hinge-line somewhat less than the greatest width of the valve. 
Surface marked by numerous angulated radiating striae, increas- 
ing in numljer b}' interpolation, from 05 to 75 of the large and small 
ones along the anterior margin. 

Pedicle valve depressed convex, sub-angulated medially, great- 
est i)oint of elevation about mid-length. Cardinal area narrow, 
less than 1 mm. in width, strongly elevate<l with a very convex, 
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apically perforated deltidium, which is somewhat wider than 
long, and excavated i)OSteriorly for the rt^ception of that of the 
other valve. 

Brachial (dorsal) valve nearly flat or slightly convex, with a 
shallow mesial sinus, having its origin near the beak and rapidly 
widening to the anterior margin, which is more or less sinuous 
according to the depth of the medial depression. Cartlinal area 
linear with a short, broad deltidium partially covering the cardinal 
process. 

This little species of Strophomena is separated readily from all 
other biconvex forms of this genus, in having a rapidly widening 
mesial sinus in the brachial (dorsal) valve, and the pedicle valve 
sub-angular along the median line, while in all other related spe- 
cies these characters are the reverse. 

Plate XXXI, figs. 21-24. 

Foniiation and locality. Near the base of the Galena, associated with 
Clitainhonitea dinrsa, south of Cannon Falls. 

Leptsena charlottse. 

Shell .small, transversely semi-oval, plano-convex, geniculate, 
with the sides slightly convex, and converging to the broadly 
rounded front, or drawn out tongue-shaped: hinge-line as long 
or somewhat shorter than the greatest width of the shell. Sur- 
face marked by tine, closely crowded, alternating striie as iu 
R(ijiiHs<iinini (iffrniatdj crossed by exceedingly delicate concentric 
lines, and over the visceral disc of each valve bv more or less 
continuous zigzag undulations or wrinkles. 

L. r/iftrloftft differs from any other American species of Lep- 
f(im( in its zigzag concentric surface corrugations, and other 
minor features which can be seeu more readily in the illustrations 
than by any written comparisou. Plate xxxii, figs. 1-5. 

Plate XXXII, figs. 1-5. 

Formation and loc4ility. Upper portion of the Trenton limestone and 
base of the Trenton shales in the Bnozoa layers at Minneapolis and 
St. Paul. 

Plectambonites gibbosa. 

Shell small, semi-circular in outline, strongly concavo-(X>nvex, 
wider than long, greatest width along the hinge-line. Surface very 
finely striate, with six or seven stronger striations on each valve, 
much as in P, transversnUa. 

Pedicle (ventral valve) very gibljous and sub-carinate medially ; 
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latonil slopes rapid an<l slightly concave; greatest elevation about 
mid- length. Cardinal area strongly elevated, slightly concave, 
somewhat wider than that of the other valve: delthyrium al>out as 
wide as long, with a small deltidium in the posterior portion, and 
more or less occupied by the cardinal process and deltidium of the 
other valve. Teeth small, supiK)rted by strong dental lamella?. 
Diductor muscle pits deep, short, strongly diverging and separated 
l)osteriorly by a small septum. 

Brachial (dorsal) valve concave and closely following the curva- 
ture of the other valve. Cardinal area wide, flat, retrorse; del- 
thyrium with a large, simple cardinal process more or less covered 
by a deltidium which is usually imperfect medialh'. Crural 
processes short and wi<lely divergent. Adductor muscle scars 
broadly triangular in outline, lobate. with the outer margin 
strongly (»levated. 

The convexitv of its valves, and the interior characters of the 
brachial valve will distinguish at once this species from /*. seinvca 
Sowerby and F, thcipiens Billings. Plate xxxii, figs. 13-17. 

Plate XXXII, tigs. 13-17. 

Formation und locality. Galena limestone four miles south of CannoQ 
Falls, and at Mantorville, Minnesota. 

Orthis meedsi. 

Shell of medium si/e, suborbicular, in outline; biconvex; an- 
terior margin broadly deflected dorsally; hinge-line alx)ut one- 
fourth shorter than the greatest width; surface markefl by strongly 
elevated, sharply rounded stria?, from forty-five to seventy on 
each valve along the anterior margin, crossed by numerous thread- 
like lines of growth; stria? arranged in bundles of two or three, 
those of the pedicle valve bifurcating, while on the brachial valve 
an increase takes place by interpolation. Exfoliated specimens 
show two or three rows of small black spots terminating on the 
striie, which may represent perforations in the shell substance. 

Pedicle (ventral) valve slightly convex, with a broad shallow 
inus; cardinal area of moderate width; slightly concave, elevated 
beyond, or depressed below that of the brachial valve; delthyrium 
small, triangular; beak slightly incurved. Interior characters of 
the valve are like 0. pectinella but less sharply defined. 

Brachial valve strongly convex centrally, with the lateral post- 
erior areas somewhat concave; cardinal area verj' narrow, slightly 
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concave, with a broacl delthyrinm, which is occupied in part 
by a striated cardinal process. 

Plate XXXII, figs. 39-42. 

Forfnaiion and locality. Top of the Trenton shales at St. Paul, In 
association with 0. peetitidla and variety »weeMyi. Cannon Falls, Ken- 
yon, Fountain, and elsewhere in Minnesota; Neenah and Oshkosh, Wis.: 
McGregor, Iowa. 

Orthis meedsi var. gfermana. 

This variety is differentiated from the above species liy the fol- 
lowing characters : Smaller in size and squarer in outline ; valves 
more strongly- and evenly convex : hinge-areas nearl}' equally wide 
but narrower, with the beak of the pedicle valve slightly elevated 
beyond that of the brachial ; pedicle valve with a slight, some- 
what iuigulated fold, while the brachial; has a shallow but dis- 
tinct sinus which originates immediately below the apex of the 
valve. These produce a slight sinuosity in the anterior margin, 
the direction of which is the reverse of that in 0. ntprthi. 

Plate XXXII, figs. 43-45. 

Formation and locality. Not rare in the Galena formation at a horizon 
which is about 30 feet al)ove strata holding Clitambonitett dicena at several 
localities south of Cannon Falls, near Kenyon and Fountain. 

Orthis proavita. 

Shell of medium size: subquadrate; hinge line eijual to, or a 
little less than the greatest width of the shell: cardinal angles 
rounded or rectangular: sides gently convex and converging to a 
mon» or less flattened or slightly concave anterior margin. Sur- 
face markcil by simple, sub-angular stria? having their origin at 
the apex of the valves or inime<liately below it, addition taking 
place by interpolation on the brachial and bifurciition on the i)ed- 
icle valve; one to thrw* stria? terminating on the cardinal margin 
on each side of the umlx); :>r» to 42 in numl»er on, mature exam- 
ples, cro9se<l by a variable number of imbricating growth lines 
near the anterior margin. In some of the speciniens the anterior 
margin is sharply reflexeil as by old age. 

Pellicle valve has an insignificant mesial elevation. Area com- 
paratively narrow: delthyrium broad, triangular, two-thirds oc- 
cupied by the cardinal proi*ess of the other valve: bt»ak somewhat 
incurve<l. Interior characters as in 0. *nbqiiaih'nta. 

Brachial valve mon' or less sti*ongly convex, greatest elevation 
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about mid-leQgth. A shallow, or sometimes well pronouuced 
broad sinus is present, having its origin in the upper third of the 
valve. Area narrow, |)ei'pendieular or slightly inclined forward. 

Differs from 0. Iphigenia Billings, in having the fold and .sinus 
reversed, and less numlwr of strite. 

Plate XXXII, figs. 51-58. 

Fm^mation and Uxxility, Not rare in the upi>er portion of the Hudson 
River group at Spring Valley. 

Zygospira uphami. 

This species occurs in the (Jalena limestone about 50 feet above 
the layers holding Z. rrcnrvlrostrU in abundance. Its general 
expression shows it to be a descendant from Z, vecurvlrostrtK but 
differing from it in its much larger size, stronger convexity' of 
the valves and somewhat finer strice. The last feature is more 
apparent than real, due to the greater size of Z. uphomt. Some 
specimens from which the shell has partially been exfoliated, 
show the interior of the pedicle (ventral) valve to have a strong 
muscular cavity extending from the l)eak to about one third of 
the length of the shell. From the antero-lateral margins of the 
area originate two prominent, diverging ridges, probably the 
markings of the main trunks of the vascular system which l>ecome 
obsolete near the front margin. The crural plates of the brachial 
valve are very strong, and at their bases coalesce with a stout but 
rather short median septum, upon each side of which i)osteriorly 
are situated two depressions of the adductor scars ; the second 
pair undefined. 

Z. upliiimt is the linking species between Z. recur virostrh 
and Z. crratlcd Hall, and Z. headi Billings. Its nearest relations 
are with Z. errativa. 

Plate xxxiv, figs. 45-48. 

Formation and locality. Middle of the Galena horizon at Weisbach's 
dam, near Spring Valley, and near Wykoff and Fountain. 

Hallina, u. gen. 

Shells small, jirticuhite. rostrate, biconvex, semi-plicate. Ped- 
icle opening lx)unded laterally by incomplete deltidial plates. 
Calcified brachial supports comparatively long, somewhat longer 
than one-half the length of the brachial valve, and in form much 
as in Wahllieimia. The detailed structure of the articulating and 
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cardinal processes is unknown. In thin sections it is shown that 
the crural phites of the bnichial valve do not converge medially 
and join with the |>08terior end of the median septum jis in Wald- 
hffimut. but that they probably coalesce with each other; a med- 
ian septum is not present. Muscular scars undetermined. Shell 
structure impunctate, distinctly fibrous. 

Type. Hallinn aaffordi^ n. sp. 

Named in honor of the veteran pahi'ontologist, of Albau\% N. Y. 
UnlUiui saffortH and //. nlcnUfti do not show a punctate shell 

structure, either in thin section or on the exterior surface of the 
shell. The rudimentiiry dcltidial plates, absence of a median 
septum in the brachial (dorsal) valve, and the impunctate shell 
structure will distinguish JfuJllna from Wahllit imia and related 
genera. 

This is the earliest known tei*ebratuloid genus, and it is repre- 
sented by two abundant and widely distributed si)ecies 

Hallina saffordi. 

Shell very snuill, rostrate, regularly elongate, oval, striate and 
evenly biconvex. Pedicle (ventral) valve somewhat more convex 
than the other; point of greatest elevation about mid-length, 
slightly carinated, but otherwise evenly convex in all directions. 
Beak strongly incurve<l, but not in contact with the umlM) of the 
brachial valve, with a small pedicle opening which is partially 
surrounded anteriorly by incomplete dcltidial plates. Teeth 
well develope<l and supported by delicate, strongly oblique dental 
plates; other interior charactei*s undefined. 

Brachial valve evenly convex with a very shallow sinus in the 
anterior half. Brachial supports straight from the crural plates 
for a short distance forward, then bending backwards and later- 
ally, turn and procee<l forwards a short distance beyond mid- 
length, and nearly parallel to each other, where they bend mther 
abruptly upwards, and medially join at a point which isat al>out 
one-half the length of the calcified brachia. Thin sections do 
not show strongly thickene<l crural plates, nor a ine<lian septum 
amalgamated with the former at the posterior end. There is prob- 
ably a small cardinal process present. 

Surface marked with from 15 to 20 subangular stride, which 
terminate on the posterior third of the valve; no concentric lines 
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of jjrowth observable. Shell structure fibrous aud apparently im- 
punctate. 

Plate XXXIV, figs. 55-58. 

Formation and loculity. Common in the "Glade" limestone at Lebanon, 
Tenn.: also near the top of the Birdseye limestone at High Bridge, Ky. 

Hallina nicolleti. 

Shell small, rostrate, biconvex, oval or sub-circular in outline. 
Pedicle (ventral) valve convex; point of greatest elevation about 
mid-lenirth, with a shallow, verv narrow sulcus down the centre, 
bordered on each side with a low rounded ridge, which towards 
the anterior margin becomes more prominent. The antero-lateral 
limits of the shell mav be smooth, or with as manv as five low 
rounded plications or marginal undulations. Beak strongly in- 
curved, and with a small, oval pedicle opening, bordered by rudi- 
mentary ileltidial plates on each side. 

Brachial (dorsal) valve evenly convex, and trilobed toward the 
anterior margin; in some specimens the lateral lobes may have 
lis many as six low rouncied plications along the fi-ont margin, 
(^ilcified brachial supports much as in HtilUnn stiffonil, except 
that the outer bands are curved latemlly, while the anterior, 
recurved portion is shorter. Articulating processes and muscular 
-scars unknown. 

Hull inn nicolleti is an easil}' recognized species, in its small 
-size and camarelloid exterior. It diflfers from ] fall inn saffordi 
in the fold and sinus, and the usually obsolete marginal plica- 
tions. Its associated species are the same. 

Plate xxxiv, figs. 59-62. 

Formation and locality. Abundant in the upper tliird of the Trenton 
limestone at Minneapolis, Mantorvllle, St. Charles, Rochester and Foun- 
tain. Also at Deoorah, in Iowa, and Beloit, Wis. 

Rhynchotrema inaBquivalvis var. laticostata. 

In the shales of the lower portion of the Galena south of Can- 
non Falls 7^. innqnivalcis { = R. increbettcens) often attains afar 
greater width than is usual for the species. The four plications of 
the fold are closely arranged, while the five or six on each side of 
it are spread out, and are therefore larger than in that species. 
The junction of the two valves along the anterior margin is also 
more largely flattened. These specimens if found alone would be 
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regarded at once as a distinct species. Their development begins 
in the upper portion of the Trenton shales, where specimens are 
occasionally picked up at St. Paul. It is, however, not until this 
species is found in association with CUtaml}on{teH diwrsa Shaler, 
that the variety becomes common and attracts one's attention. 
In the Trenton of New York and Kentucky occasional specimens 
are met with approaching var. laticostata^ but none of them are 
so strongly transverse as the MinnesoUi individuals. 
Plate xxxiv, figs. 26-29. 



THE DRIFT OF THE NORTH GERMAN LOWLAND. 

RoLLiN D. Salisbury^ Madison, Win. 

Dr. Felix Wahnschaffe, of the German geological survey, han 
recently issued a small volume entitled ^'The Causes of the Sur- 
face Form of the North (rerman Lowland.''* As the title indi- 
ciites, the volume is primarily geographical, but it discusses the 
geography of the area under consideration from the geological 
standpoint. The lK)ok is particularly welcome to American 
glacialists, since for the first time it presents in compact form the 
general conclusions which have thus far been reached in (lermany 
in the field of glacial geology, and aflTords a convenient and ade- 
(^uate l)asis for a comparison between the corresponding phenom- 
ena of (Tenminy And the United States. Most of the publications 
on the glacial geolog}' of (Jermany, which have heretofore ap- 
peared, have been special reports on circuniscribeil areas. These 
publications have not l)een widely distributed, and are not so well 
known to American geologists, as could be desired. Dr. Wahn- 
schatfe's publication will therefore be of great interest and service, 
since it will aid in correlating the phenomena on opposite sides of 
the Atlantic. It is the purpose of this article to review the salient 
features of Dr. Wahnschatfe's volume, and at the same time to 
make some suggestions concerning the correlation of (Jerman and 
American glacial formations. 

The volume has many excellencies. The authors sense of pro- 
portion is good, and special points are not magnified at the ex- 
pense of other equally important ones. The lx)ok does not at- 
tempt more than it accomplislie«. In (lermany, no less than in 

♦Die Irsachen der Obert1ilcheDge8taltung des Xorddeutschen Flach- 
laades. pp. 106, Stuttgart: Verlag von.J. Engelhorn. 1891. 
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Americtt, there are many qiieHtioiis connected with the formations 
of the ice age, concerning which there is not unity of opinion, 
and individual opinions are held, with certainly not less tenacity 
in (lermany than in America. It is a conspicuous merit of the 
volume before us, that the author has stated with much fairness 
and discrimination the conclusions of other geologists where they 
do not agree with his own. In his copious bibliographical notes, 
the author shows his intimate familiarity with the literature of his 
subject. This is true not only of German literature, but of that 
of other countries as well. Although we are compelled to dis- 
sent from some of the conclusions reached by Dr. Wahnschaffe, 
and although we could have wished a fuller discussion of some of 
the questions involved, the volume is nevertheless a very satis- 
factory discussion of the glacial formations of the area under con - 
«*idcration. The order of treatment is generally historical, so that 
the volume gives us a sort of history of the evolution of opinion 
concerning the glacial formations of the territory descriV)ed. 

The questions of glacial geology have been studied for the most 
part independently in (lermany and in the United States. It is 
gratifying to observe how closely the conclusions arnved at by 
the geologists of the one countr)' agree with those of the other. 
Yet there are some points of difference. In some cases these 
differences are hardly more than verbal, and 3'et these verbal 
differences have more than once given rise to misunderstandings 
and to controversy. In other Ciises the differences are radical. 
The differences in the Prepleistocene geology and topography of 
the i(»e-invaded territory of Germany and America may be largely 
responsible for the difference in the history of opinion in the two 
countries. The differences in the methods of work have likewise 
helped to develop diverse interpretations. It is interesting to 
note that the differences between the present conclusions of (Jer- 
man and American gUicialists are much less consideraV)le than 
those of an earlier date. 
Topipgrtiphi/ ami Relief of Nm'tli Germany due inuinJy to Drift. 

Dr. Wahnschaffe devotes a chapter to the discussion of the re- 
lations of the Prepleistocene formations of north (Jermany to the 
present surface. His conclusion, which seems to be well founded, 
is that the relief and topography of north Germany are mainly 
due to the disposition of the drift formations. A table of deep 
borings extending through the drift into the Prepleistocene forma- 
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tioDB below, reveals the interesting fact that in many places the 
upper surface of the Prepleistocene formations is below the level 
of the sea. Were it not for the <lrift, a very considerable portion 
of north (iermany would be covered by salt water. In several 
places where the depth of the dnft is known, its lower surface is^ 
more than 100 meters below the level of the sea. Tn one place 
its lower surface reaches the astonishing depth of 1(19 meters be- 
low sea-level. 

The disturbances of the Prepleistocene formations by ice-pres- 
sure during the glacial period are discussed. The conclusion is 
reached that such disturbances, resulting in the folding and dis- 
torting of strata, were widespread, but that they did not attain 
such proportions as to exert an important intiuence upon the g(M>g- 
raphy of the region affected. 

Thlchncsa itf tJi'lft. The chief interest in the book centers in 
the discussion of the glacial formations themselves. The thick- 
ness of the drift presents variations not less than those which 
characterize the corr(^si)onding formation in our own country. In 
many localities the depth of the drift is more than 100 metei-s. 
The greatest dei)th given is 171 jneters, but even at this depth the 
bottom of the drift had not been reached at this locality. One 
hundred and seventy-one meters is somewhat more than the great- 
est thickness of the drift known to the writer in the United States. 
The average depth of drift on the north (Jernian ''flatland" is 
probably greater than that over most areas of ecjual (»xtent in our 
own country. This is no doubt in part the result of the softer 
character of the formations over which the ice tliere spread. 
They were more easily erotled, and to n greater "depth were con- 
verted into drift. 

At the beginning of the chapter which discu.sses the effect of 
the ice upon the geography of north (jermany. the author reviews 
the history of opinion concerning the drift of (Jermany. This 
involves a review of the history of opinion concerning the glacial 
hypothesis, from the time when it was shown to be impossible, to 
the time when, in spite of its impossibility, it was demonstrated. 
This is not the first time that that which was believed to be math- 
ematically impossible has proved to be true, particularly in geol- 
ogy. (\)ncerning the application of mathematics to geology Dr. 
Wahnschatfe (luotes approvingly the statement of F. von llich- 
thofen: ••Mathematical calculation is inclined to take too little 
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cognizance of the facts which are established by observation, and 
in their stead to start from premises which have nothing to do 
with the problem in hand. The result is that mathematics, by 
ver}' painstaking methods, sometimes reaches results which are 
altogether without value for the explanation of the real relations 
of things.' (p. ()2.) 

Stria: One of the striking differences between the glacial 
phenomena of Germany and America is the paucity of stride in 
the former country. The ice there invaded territory w*hose 
formations belong largely to the Cretaceous, Kocene and Neocene 
periods. They are unindurated and therefore not adapted to the 
reception and retention of stria\ Tliese formations contributed 
generously to the drift, and were finally deeply buried b}' it, so 
that rock (exposures are relatively rare. The strong contrast be- 
tween the two countries in the matter of stria? can hardly be more 
forcibly illustrated than by indicating that within the space of ten 
pages tlu^ striie of each known locality in Germany are not only 
mentioned, but discussed, as well as such other phenomena of 
glaciation, — planation, (K>lishing, rorhcn inoutnimecs^ etc.. — as 
are intimatelv connected with striae. Since strite on bed rock, and 
their accfunpnniments were at the outset regarded as the most 
convincing proof of an ice sheet, and since the surface inferior 
to the drift in Germany is rarely exposed, and since these ex- 
posures are rarely of such material as to exhibit stria?, planation, 
etc., it is not .strange that the glacier h3'pothesis did not fin<l so 
ready acceptance in Germany as in our own country. 

Till nufiiili/ snh(/l(fri<iL The till of (Jermany Dr. Wahnschatfe 
regards as almost wholly subglacial. While admitting the possi- 
bility of superglacial till, he does not regard it as having any 
considerable (levelopment in Germany. In this respect Dr. Wahn- 
schatfe's opinion is sharply in contrast with that of some Ameri- 
can ge(»logists, who hold to the idea of very considerable thick- 
nesses of sui)erglacial till overlying the subglacial, an<l in con- 
sonance with the view of other American geologists who believe 
that superglacial material has but relatively slight development in 
our country. The reasons assigne<l (pp. S2-.^) by Dr. AVahn- 
schatfe for classifying essentially all the till as subglacial, would 
not be of force as applied to material transferred from a sub- 
glacial to a superglacial position, if such transference takes place. 
And such transference is assumed to be possible (p. 8(>). The 
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references cited in support of the iK)8ition that subglacial material 
may become superglacial, are based on observations on existing 
Alpine glaciers. Here the supposed transfer of stony material 
from the bottom of the glacier to its up|ier surface is accompanied 
by conditions which would not exist, or which would not exist to 
the same extent in plane regions. 1 believe it is true that the 
transference of subglacial material to a superglacial position is 
facilitated by these conditions, if not entirely dei>endent on them. 

The ice-sheet which invaded (rcrmanv had descended from a 
mountainous region. The ice-sheet which invaded the United States, 
while it descended from high lands, did not start from, or pass over, 
a region nearly so mountainous as that of Scandinavia, from which 
the (lerman ice-sheet took its source. It would be exi>ected there- 
fore that Crermany would Ijc more favorable territory than the 
United States for the development of superglacial till, whatever the 
process by which it became supeiglacial. Under these circum- 
stances it would seem that if any difference exist between the quan- 
tity of superglacial till in the two countries, (rcrmany should have 
the more. Dr. Wahnschaffe's opinion as to the paucity of super- 
glacial till in (xermany is therefore significant, and is in harmony 
with the writer's o{)inion concerning the .same sort of till in the 
United States. 

Thii Ground Moniim . Dr. Wahnschtiffe discusses the method 
of transix)ii;ation and deposition of the ground moraine. The 
views of the various German Geologists who have expressed opin- 
ions u|)on the subject are cited and di.scu.ssed. Ileim is citeii as 
holding the opinion that material <^an be carried forward bencatli 
the ice onlv where and when it is frozen to the ice itself. Haas 
introduces variety, if not value, into the series of opinions con- 
cerning the method of deposition of the ground moraine, by sup- 
jx)sing that wherever the thickness of the ice was considerable, its 
weight must have converted its lower portion into water, so that 
between the ice and the land surface beneath it there was a layer of 
water in which the depositionof the till took place, an<l that the ice 
really rested upon the land surfact* only near its margin where its 
thickness was not great. From this view Dr. AVahnschaffe dissents. 
He advocates the view — so far as the writer is aware the only one 
ever held by glacialists in America — that the ground moraine was 
accumulated gradually beneath the ice. The lower portions of 
anv considerable Imdv of till in anv jriv(»n localitv, arc therefore 



Dnft of tlie North German L<nvJ<ta(J, — Salisbury, 295) 

older than the upper, by some short period of time, at least. In 
support of this position, ]x)wlder pavements and isolated bowlders 
in beds of till are cited, whose upper surfaces were striated by the 
passage of the ice-current over them, after they had ceased to 
move. Tlie only reference which Dr. WahnschafTe makes to the 
amount of material which can be carried beneath the ice at any 
given time is the citation of Penck's opinion that till to the thick- 
ness of several meters may be carried l)eneath the ice at one time. 
AVe should have been glad of Dr. Wahnschaffe's opinion concern- 
ing the positions in which ground moraine material is deposited, 
with reference to the margin of the ice. But to this point we find 
no reference. 

Two Glacial Epochs. The history of opinion concerning the unity 
or otherwise of the glacial period is discussed, though less fully than 
giK)logists could have wished. The meagerness of the discussion at 
this point is probabl}' the result of the fact that the object of the 
l)Ook is primarily geographic, rather than geologic. Dr. Wahn- 
Hchaffe believes that there were two glacial epochs, and most of 
the Uerman glacialists hold the same view. The evidences cited 
for a bi-fold division of the drift, and therefore for two glacial 
epochs, are mainly (1) the existence of vertebrate remains in the 
beds of sand and gravel which separate beds of till in the vicinity 
of Berlin : (2) beds containing marine shells in like stratigraphic 
position at various localities in the northern part of (Jermany; 
and (3) diatomactH)us earths, likewise between beds of till. Most 
weight is attached to the first line of evidence (p. 87). Dr. Wahn- 
Hchalfe recognizes the possibility that the diatomaceous earths 
might have accumulated near the edge of the ice in situations tem- 
porarily abandoned by it, during the retreating phase of an oscil- 
latory movement. Under these circumstances, the next advancing 
phase of the ice's oscillatory movement might bury the diatoma- 
ceous earths l)eneath a new bed of till. In view of this possibility 
Dr. AVahnschatfe points out the fact that these diatomaceous 
earths interbedded with till do not necessarily indicate an inter- 
glacial eiK)ch. Neither does our author regard the dei)osits of 
marine shells as conclusive. Many of them are not known to* be 
in the position in which they were dei>osited by the sea, and the 
various shell beds have not been correlated with each other with 
an}' degree of certainty. They appear to Ijelong to more than 
one horizon. Those marine shell l^eds which retain the iwsition 
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in which they were deposited by the sea, must mean a recession 
of the ice sufficient to allow the sea to occupy the area where they 
occur. But the question might l)e legitimately raised whether a re- 
cession of the ice no greater than these shell beds would necessitate, 
must necessarily be interpreted as proof of two glacial epochs. 
Such recession, particularly if of short duration, might be looked 
upon iis no more than a great oscillation of the edge of the ice. 
The vertebrate remains in the sand and gravel laN'ers between l)eds 
of till in. the vicinity of Berlin, would seem to us to have the same 
significance as the shell beds. So far as these fossils indicate a 
temperate climate, their significance as indicating a genial inter- 
glacial interval, is increjised. Dr. Wahnschatfe does not give the 
species represented in these fossil beds, nor does he indicate the 
climatic conditions to which they testify. But if we are rightly 
informed, they are fossils of species which do not indicate a climate 
of gre^t severity. The abundance of terrestrial mammalian re- 
mains in the gravel and sand separating beds of till in (certain re- 
gions, is perhaps more significant than the abundance of marine 
shells in corres|>on(Ung situations, since the mammalian remains 
accumulates more slowlv. 

The evidences of more than one ice epoch which are most strongly 
relied upon by glacialists in America, are not brought out in tlie 
treatise iK^fore us. It would seem either thtit the evidence's do 
not'exist in (i ermanv. or that they have not been made use of. The 
author does not indicate that there are in (rermany (1) soils re-st- 
ing upon till or any form of older drift, Ijuried by later glacial 
formations. He does not indicate that there are (2) beds of <irift 
whose surfaces are much weathered and deeph' oxidized, now buried 
by later drift deposits, whose surfaces are much less weathered 
and oxidized; nor does he. in this connection, emphasize C>) the 
<litference between the amount of sub-aerial erosion sutfere<i b}' 
the surface overspread with the drift which is regarded as first 
glacial, as compared with that sutfered by the surface overspread 
with drift which is regarded as second glacial. In another con- 
nection, the fact is referred tx> that the lakes of (Jermany lie for 
the* most part in an<l north of the Baltic ridge which crosses Ger- 
many in a course roughly concentric with the north (lerman coast. 
This lake area lies wholly within the limits of the second glacia- 
tion. according to Dr. Wahnschalfes interpretation, but tlie 
abundance of lakes in the Baltic ridge and north of it, is not 
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citecl as evideace of the greater youth of the surface of this re- 
gion. Nor does Dr. AV^ahnsehatfe refer (4) to tlie more extensive 
disintegration of the bowlders of the drift in the southern part of 
(fermanv,a8 compared with that of the bowlders in the northern. 
Differences in the direction of the movement of the ico at differ- 
ent times, as indicated by differences in the direction of striae, and 
especially as indicated by the different regions from which material 
w:is successively transported to a given region, also constitute a 
valuable criterion when taken in connection with the points above 
stated. In his chapter on striie Dr. Wahnschaffe refers to the 
phenomena which indicate different directions of ice movement. 
But in discussing the question of two glacial e|>ochs, these diver- 
gent movements are not made to support the theory of two ice 
epochs. 

The foregoing are among thi» criteria which are especially relied 
upon in America iis proving a recurrence of glaciation at widely 
separated intervals. We believe they are much safer and more 
widely applicable criteria than those given in the volume before 
us. My own study of the drift formations of (lermany in 1887 
and 1 888 convinced me that the third and fourth points stated 
al)ove are as well illustrated in (lermanv as in America. In mv 
judgment they are of more significance ;is indicating a long in- 
terval between the depc^sition of the earliest and latest glacial 
formations in (Jermanv, than all the fossil remains of whatever 
S4)rt, which have vet been described. 

Extent of Snond Ghtriafion. As in America, the extension 
of the ice in ( Germany, in the second eiK)ch, according to our 
author, was much less than in the first. The limits of the last 
ice advance however are still in doubt. It extended at least so 
far as to cover the eastern part of Schleswig-Ilolstein, Mecklen- 
burg, a large part of Brandenburg, l^ommern and Kast and West 
Preussen. While some of the (lerman geologists would limit the 
second ice invasion in the western part of (Jermany to the lower 
course of the Kibe, Dr. Wahnschaffe believes that there is suffi- 
cient evidence that it extended further south. lie finds traces of 
the work of the ice sheet of the second e|X)ch in the vicinity of 
Magdeburg. He also lK*lieves that the lx)wlder-bcaring sand which 
covers the 'Linuhuryrr I hide'' southwest of the Kn)e, is last 
glacial. The basis for this conclusion concerning the sand of the 
''Liuit'hnrf/rr Ihlde" is not fully given. A single crossing of the 
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HeUle, in 1887 led me to the belief that the surface formation waa 
not last glacial. But Dr. Wahnschaffe's conclusion doubtless 
rests on much fuller data than my own. 

Nomenclature. The classification and nomenclature employed 
in mapping the drift of north Germany is so different from that 
to which the American geologists are accustomed, that both the 
maps and the accompanying descriptions are liable to misinterpre- 
tation unless one is familiar, in advance, with the exact meaning 
which is attached to each particular term. Many of the terms in 
use are the same as those employed in America, but the signifi- 
cance attaches! to some of them is altogether different. In Amer- 
ica, for example, the term upper till — a most unfortunate name 
— is generally understood to mean englacial or superglacial till. 
In (lermany, the same term {oherer Geschiehemergel) has a very 
different signification, and to one not posted concerning the tech- 
nical meaning of the term, a most deceptive one. The term itself 
might suggest the till of the last glacial epoch as distinct from 
the till of greater age, but this is not its meaning, though no till 
is 'dipper" till (oherer GeHckiehemeryel) which is not of last glacial 
age. Hut not all of the till of the second glacial epoch is classed 
lis * 'upper" till. 

A mantU^ of ]x)wl<ler-bearing sand frequently covers the till of 
the last glacial epoch. The same sand sometimes rests upon the 
older rlrift. Whether this super-till mantle covers second glacial 
till, or whether it rests upon the earlier drift where the later failed 
to be deposited or preserved, it is know^n as '*upper bowlder-bear- 
ing sand" {oherer (ieschiehesand)^ or, briefly, as "upper sand*' 
(oherer Sand). If I understand correctly the meaning of the 
terms, the bed of till immediately beneath the * Hipper sand" is 
classed as "upper till" {oherer Geschiehemergel)^ if it be, or if it 
l)e Ijelieved to be, last glacial. The same bed or till, if not cov- 
ered by the mantle of "upper sand," is likewise "upper till." 
The "upper till" of any given locality is therefore the uppermost 
layer of second glacial till, which there exists. If there be sev- 
eral layers of sec^ond glacial till separated by beds of sand or 
gravel, as is often the case, only the uppermost of these several 
beds is "upper till," while all the other layers of second glacial 
till are grouped with all the layers there may be of first glacial 
till, as "lower till" (itnterer Gesehiehemergel .) 

Just as the uppermost layer of second glacial till in any place 



J^**{f^ of the North Gei'inan Lowland, — HaltHhnry, 303 

conhtitutes '<upper till'' (oberer GeschiebemeryeJ), so the upper- 
most layer of sand, if it overlie the uppermost layer of second 
glacial till, or if it be the stratigraphic equivalent of that which 
overlies the uppermost layer of second glacial till, is *' upper 
sand" (oberer ASand). All second glacial sands which lie l)etween 
beds of second glacial till, or below the lowest of them, are classed 
with first glacial and inter-glacial sand, as * 'lower sand'' (uttterer 
Sand). The infelicity of this classification and nomenclature m 
alluded to by Dr. AVahnschaffe, although it has been found to bc^ 
a classification which is serviceable in mapping. Interpretations 
have changed since the existing nomenclature was adopted, but 
the nomenclature has not changed to corresiK)nd with the newer 
interpretations. 

The '*upper Ijowlder-bearing sand'' often immediately overlies 
a layer of bowlderless, stratified sand, whose proper stratigraphic 
position is said to be beneath tlie • 'upper till. " This stratified sand 
is not understood to be "upper sand.'' Because of this strati- 
graphic relationship, the bowlder-bearing sand at the surface is 
looked upon as the remnant of a layer of ''upper till'" which has 
escaped removal at the hands of glacio-natant and |)ost -glacial 
waters, while the finer clayey parts of the till were carried away. 
Jn this case therefore the "upper sand" is a remnant of the 
"upper till'' and is really its equivalent. We do not understand 
that the uppermost bed of till, Ij'ing below ' -upper sand, " but 
separated from it by a bed of stratified sand, whose stratigraphi- 
cal iK)sition is below the "upper till,'' would be classed as '^upper 
till," even though it be the uppermost existing ])ed of second 
glacial till. The idea that the '-upper sand" is a residue of "up- 
per till,'' formed as indicated, seems to be a prevalent one. It is 
in this category that Dr. WahnschaflTe places the bowlder-bearing 
sand which covers the '^Lnncburger Heide.' As already indicateil 
the reasons given for such reference (p. 96) do not appear to me 
to l>e conclusive. Indeed none of the reasons assigned for be- 
lieving that the ice, in its second invasion, crossed the Kibe in 
western Germany, seem to me to carry conviction. 

Dr. Wahnschaflfe, as well as other German glacialists, recog- 
nizes the fact that within the formations of second glacial age 
thei*e may be, and in many cases are, several beds of till separated 
from each other by hiyers of sand and gravel. While American 
glacialists are fully agreed with Dr. Wahnschalfe that several 
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]>e<l8 of till separated by layers of sand may arise within the 
period of one glaciation, we shall be likely to dissent from his 
implied (though not explicitly stated) conclusion, that every bed 
of sand interstratified with till, records a retreat of the ice, bar- 
ing the surface on which the sand accumulated, and that each !)ed 
of till overlying such bed of sand, records a re-advance of the 
ice. T am not authorized to speak for American glacialists in 
general, but I hold it altogether possible that the deposition of 
till may be succeeded by the deposition of stratified sand, and 
this again by till, beneath the marginal portion of the ice, inde- 
pendent of any change in the position of the ice's edge. If each 
of the several layers of till which may locally alternate with sand 
were continuous over wide areas, and if the intervening layers of 
sand were also continuous over wide areas, oscillations of the ice 
margin would seem to best explain the phenomena. Dr. Wahn- 
schaffe does not indicate whether or not this is the condition of 
things in Germany. It would be a condition of things most diffi- 
cult of demonstration if true. From my acciuaintance with the 
German drift, 1 do not think it generall}' true, and I see no reason 
for assuming an oscillation of the ice's edge for each change from 
ice to water deposition, within the body of the hist glacial drift. 
It is not to be understood that the writer is arguing against oscil- 
lations of the ices edge. Such oscillations, l)oth seasonal and 
periodic, are beli(»ved to have occurred, and these oscillations may 
have given rise to many alternations of till and sand. But it is 
not deemed necessarv to assume oscillations of the ice's edge to 
explain all alternations of till and sand. 

Topitgiaphi/ uf tin yronnd moraine. Two distinct types of 
topography are represented by the ground moraine, according to 
the volume befon^ us. In the one case the surface is plain or 
but slightly undulatory. and more or less dissected by valleys, 
some of which are dry. AVithin those areas of ground moraine 
where the topography is of the plainer type, there are occasional 
sharp sinks of limited size, sometimes occuring singly, and some- 
times in series. Many of these depressions have become the seat 
of ponds or l)Ogs. Their existence is attributed to the action of 
water plunging down through crevasses from the surface of the 
ice, and wearing hollows in the land surface below. 

The second type of topography which characterizes the gix)und 
moraine, as classified by the (Jerman geologists, is designated 
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••gix^nnd mominc landscape" {(rrandinomneidandscluift), the most 
characteristic feature of which is its '*rapi(l changes of level'' 
within short distances. This topograph}' is further described as 
follows: * -Between the numberless ridge- and mound-like eleva- 
tions, which are altogether without order in their arrangement, 
e an ec^ual number of depressions, giving to the surface a broken 
aspect. The elevations enclose countless roundish ponds and 
marshes, largely filled with peat and swamp deposits, as well as 
larger and more or less irregular swamps and lakes. This abun- 
dance of lakes and marshes is sometimes * * * * so great 
that upon the maps the till surfaces between them ai)pear almost 
sieve-like." (p. 00.) 

The region where the typical ''ground moraine hindscape' is 
l)est exhibited is stated to be along the Baltic ridge (p. 96), with 
which this type of topography appears in general to be intimately 
conn(?cte<l. It would appear from Dr. Wahnschaffe's description 
(pp. 97-8) that the constitution of the drift where this type of 
to|)ography is developed is more sandy than is common to the 
ground moraine in other regions. The elevations within this Bal- 
tic ridge are said to Ih» composed largely of sand an<l gravel over 
which then^ is fretpicntl}' a layer of till. 

In discussing the origin of the depressions which mark the 
'Aground moraine landscape'" Dr. Wahnschatfe follows his usual 
plan of giving the opinions of other geologists as well as his own. 
E. Geinitz would attribute them chiefly to the eddying action of 
waters during the time of the melting of the ice. Against this 
view Dr. Wahnschaffe argues that the depressions were already 
in existenc^e at tlie time of the deiK)sition of the upjM^rmost layer 
of till, sim^e this lines them and mantles the adjacent elevations. 
He maintains that their origin is therefore earlier in time than 
the melting of the last ice sheet. Upon the toiwgraphy of the 
* Aground moraine landscape" of the I'ckermark, Dr. Wahnschaife 
insists that the waters arising from the melting of the last ice- 
sheet had no considerable influence. In this view he is supported 
by Drs. Keilhack and Schrocder, and their |)osition seems to l)e 
irrefragable. 

The origin of the topography which has l)een designated 
•Aground moraine landscape" (GrmufmordnenlandHchnft) has been 
much discussed by those who have had to deal with it. Vaiious 
views concerning its production prevail. Among the factors 
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commonly believed to have contributed to its development, most 
of the German geologists appear to give a prominent place to ice- 
pressure, which is conceived to have bulged up drift material at 
the edge of the ice, producing hummocks and short, discontinuous 
folds. Dr. Keilhack places the development of the * Aground 
moraine landscape'* topography under consideration, beneath the 
oscillating margin of the ice, at the time when this margin stood 
along the line of the Baltic ridge, during the last glaciation. He 
ascribes it to the unequal accumulations of drift beneath the mar- 
gin of the ice, and to the irregular bulging of the drift, effected 
by the pressure of the ice. Similar topography north of the Bal- 
tic ridge, is believed to have been produced in the same manner, 
at a later time, when the edge of the ice had receded to the (losi- 
tion where such topography occurs. Schroeder is quoted as ad- 
vocating the \iew that the peculiar topography here described was 
developed beneath the ice during the time of its slow retreat (p. 98) ; 
but whether beneath the margin of the ice, or remote from it, or 
whether the peculiar topography is the result of unequal accumu- 
lation or of ice-pressure, is not indicated. 

Dr. Wahnschaffe believes that the * Aground moraine landscape" 
was developed beneath the ice during its advance in the later ice 
epoch, and that the topography thus developed was not materially 
altered during the final retreat of the ice over the same region 
(p. 100), although the ice edge remained stationary on the ridge 
for some considerable period during its retreat. It is to be borne 
in mind that the topography here described is best developed 
along the "Baltic ridge," which is in a general way concentric 
with the shore of the Baltic. Dr. Wahnschaffe sees much sig- 
nificance in this position. He points out the fact that this sort 
of topography stands in*a similar relation to great basins in vari- 
ous other parts of the world. In northern Italy, ridge-like belts 
of drift with a similar topography, border the Italian lakes on the 
south. In the Bavarian Alps similar ridges of drift rise higher 
than the basins enclosed within them. More conspicuous exam- 
ples of the same relationship in America are referred to, where 
thickened belts of drift (our terminal moraines) exist, in a general 
way concentric with the Great Lakes of the interior. 

Dr. Wahnschaffe's conception of the relation of the Baltic 
ridge to the Baltic sea, is something as follows : The ice starting 
from the Scandinavian mountains descended into the Baltic basin 
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and filled it. As it advanced to the southward,* it rose from the 
basin of the Baltic onto the higher land to the south, carrying 
with it much material which it had scooped out of the basin, and 
especially, much that it gathered from the southern slope of the 
same, during its ascent to the land beyond. As the ice pushed 
out upon the land with its great load of debris thus acquired, its 
velocit}' was diminished. Where the greatest retardation took 
place, there would be the most extensive accumulation of glacial 
debris (p. 102). The site of this retardation and consequent ex- 
tensive accumulation is marked, according to Dr. Wahnschatfe, by 
the Baltic ridge, which indeed owes its existence largely to the 
accumulation of drift brought about in this way. The * Aground 
moraine landscape' is associated with the ridge, and is, according 
to Dr. Wahnschaffe, the result of this peculiar method of drift 
accumulation, for where the drift accumulation was greatest, there 
would it be piled up in rough topographic forms. The author sees 
no insuperable difficulty in believing that this sort of topography, 
developed beneath the advancing ice sheet, could be subsequently 
overridden by the further advance of the ice, without being de- 
stroyed. 

From Dr. Wahnschatfe's view concerning the origin of the 
**knoband basin'' topography of the Baltic ridge, we are com- 
[>elled to dissent. According to his view the last ice sheet ad- 
vanced far beyond the Baltic ridge, at least as far as Magdeburg. 
If this opinion l>e correct, the Baltic ridge must have been buried 
under a very great depth of ice. The Baltic ridge is a very con- 
spicuous ridge. In many placas its topography is very rough — of 
the pronounced knob and basin type. To suppose that glacier 
ice buried and overrode such a ridge with such a topography to 
such a depth as must have l)een if the ice advanced so far south 
as Magdeburg, is to attribute to the ice a degree of plasticity 
which we are not prepared to admit. It seems to the writer that 
Dr. Wahnschaffes position practically denies to glacier ice much 
power of erosion, even when overriding to great depth the rough 
surface of a conspicuous ridge, composed of loose sand, gravel, 
and till, while it attributes to the same ice extraordinary power of 
erosion in passing through the Baltic basin, a little further north. 
The depth of the ice in the basin was of course greater than that 
of the ice which passed over the ridge, and in its erosive action 
in the basin it possessed whatever advantage comes from increased 
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thickness. We 'are prepared to admit that the same thickness of 
ghicier ice may effect ver}' different amounts of erosion in different 
regions ; but we are not prepared to admit that a rough ridge of 
loose materials, standing squarely athwart the direction of ice 
movement, would constitute a belt where the erosion would l>e 
slight, if the ice passed over it in any considerable thickness. 
Dr. Wahnschaffe does not deny eroding power to the ice. Against 
such a view the gix»at body of drift which covei-s north (Germany 
stands as an unimpeachable witness. But his conclusion con 
cerning the origin of the topography of the Baltic ridge seems to 
us to necessarily imply that the ice sheet which buried the ridge, 
and advanced many miles beyond it, was here essentially imiK>- 
tent, so far as erosion is concerned. 

From what has preceded it will be seen that the 'Aground mo- 
raine landscape," arranged as it is in a great belt stretching across 
(f eriminy, corresix)nds with the terminal moraines of North Amer- 
ica. The constitution of the drift where this toi)Ography prevails, 
confirms this correlation. This relationship Dr. Wahnschaffe 
recognizes (p. 101), but it is to be distinctly lx)rne in mind that 
the Baltic ridge, characterized by the toi)ography which marks 
the terminal moraines of the United States, is not i-egarded as a 
terminal moraine by Dr. Wahnschaffe, or by most of the other 
north (lerman geologists. The view of professor Penck that the 
^'moraine landscape" is the result of the intimate association of 
multiple terminal moraines {EmJnwriine)^ is more nearly in accord 
with the American view. But the formation to which the Grer- 
mnns have commonl}' applied the name of terminal moraine 
(Etnhnonht(')^\s regarded by most of ihem as something very dis- 
tinct from the Baltic ridge. 

If the topograph}' and the constitution of the Baltic ridge were 
not altogether conclusive in demonstrating its terminal morainic 
character, according to American classification, additional evi- 
dence might be found in the fact that it is bordered on the south 
by extensive plains of gravel and sand, corresponding to our over- 
wash plains (p. 107). The constitution of these plains corresponds 
exactly with that of plains in similar positions in our own country, 
l)eing coarsest near the moraine and becoming finer and finer with 
increasing distance from it. 

The intimate relationship between the "ground moraine land- 
scape * (equal the terminal moraine of the United States) and great 
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Tjiisius is, so fur as tho I'nited States is concerned, much less gen- 
eral than Dr.Wahnschaffe seems to imply. While it is true that 
our terminal moraines surround lakes Erie, Michigan and Superior, 
it is also true that similar moraines frecpiently stand in no definite 
relation to well defined basins. The moraine loop wliich runs down 
into central Iowa, is not associated with any well-defined basin. 
The moraine crossing New Jersey and eastern Pennsylvania is al- 
together independent of any basin, and if such drift ridges ai*e 
somvAhiwa developed independently of basins, the}" cannot be said 
to be dependent upon them. The depressions were of course in- 
rtuential in determining the course of ice movement, and so in de- 
termining the position and form of the ice's edge, and it is the 
accumulation of drift made beneath the ice's edge while it was 
>$tationary or oscillating, which constitutes, according to American 
usage, the main part of the terminal moraine. 

The conception of American geologists concerning the origin 
-of the terminal moraines (''ground moraine landscape *' ), is not 
very difi'erent from the view of Dr. Keilhack concerning the origin 
•of the Baltic ridge. It is believed that beneath various parts of 
the ices edge, varying amounts of glacial debris accumulated dur- 
ing any given period of time. This in itself, would give rise to a 
submarginal ridge of unequal hight and width, wherever the edge 
<jf the ice remained constant in (josition for any considerable 
period. Every minor retreat of the ice may have been accompanied 
by changes in the details of the form of its edge, and as the mar- 
gin of the ice changed l)oth in position and in form, new accumu- 
lations of drift would Ik* made beneath it, comparable to the first. 
When the ice re-advanced, never so little, its form might be again 
■changed, and the submarginal accumulations would be made in a 
new position and in a new form. Thus it is conceived that by re- 
peated retreats and advances within narrow limits, and by repeated 
alterations in the form of the ice-margin with or without general 
oscillations, the terminal moraine material was accumulated. The 
fii*st condition for the development of a terminal moraine there- 
fore, is a stationary ice margin, or a margin which oscillates 
backward and forward within narrow limits, while the details of its 
form are continually changing. The extent of these oscillations 
will be one of the considerations determining the width of the mo- 
rainicbelt. The waters issuing from the edge of the ice, which was 
always melting, often worked considerable changes upon the ma- 
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terial de|K)8itcd by the ice directlj', chaaging l)oth its topography 
and its constitution. Our terminal moraines are therefore looked 
upon as accumulations of drift, made beneath the oscillating but 
nearly constant edge of an ice sheet, more or less modified by glacio- 
natant waters. The irregularities of topograph)' are regarded as- 
largely the result of unequal accumulation. Horizontal and ver- 
tical ice-pressure, as well the vigorous action of ice- water, con- 
tributed to the development of the rough terminal morainic- 
toi)Ography. This seems to he similar to the view of Dr. Keilhack, 
except that he would assign to ice pressure, a more important role. 
Endmordne. The formation which has received the name of 
terminal moraine {Endmoram) in Germany, is a narrow, wall- 
like ridge, or a series of steep mounds arranged in linear 
onier. Its width for one region is stated to range from 100 to- 
400 meters. For the same region its average hight is said to be 
from five to ten meters, though it is occasionally considerably 
more. The slopes of the ridge, or of the more or less separated 
hills, have an angle of *50° to 40*^. In some regions there are two- 
of these terminal moraines, the one lying several miles within the 
other. These narrow ridges or series of mounds are made u|>- 
largely of bowlders. Their constitution and form have given 
them the name of ''bowlder walls" (OvHrhivhcininc). In some- 
cases, the finer mat<?rial, sand, till, etc., seems to hardly moix? than 
occup3* the interstices between the bowlders. In other places, 
sand and till are moYi\ imj>ortant constituents. They sometimes- 
occur within the lK)dy of the moraine (Endmonhn)^ interbedded 
with those portions which consist essentially of lK)wlders. In* 
some cases, till mantles the **bowlder wall.'* In other places the 
terminal moraine (EinhHoninf) is composed essentially of strati- 
fied sand and gravel (p. 1115), upon the surface of which only are- 
abundant large bowlders. The course of this '' l)owlder wall " is 
somewhat irregular. (Jenerally speaking, it is made up of a 
series of curves concave toward the direction from which the ice 
came. Lo<^ally, the sharp ridge may grade into a bowlder belt bj' 
widening, though it is expressly stated that not all the bowlder 
V)elts of north Germany are to be regarded iis the ecjuivalents of 
this terminal moraine. In many regions this terminal moraine, or 
* 'bowlder wall," has not so great altitude as the "ground moraine 
landscape" with which it is closely associated. It courses over 
the surface of the greater Baltic ridge without much regard to the 
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topoji^raph}' of the latter, unci while it is locall}' a very conspieu- 
4)118 feature because of its sharp definition and v- all -like character, 
it is quantitatively rather insignificant compared with the great 
ridge characterized by the **ground moraine landscape.*' The 
^'ground moraine landscape' topography is generally best de- 
veloped immediately within this terminal moraine (Eiidmomne). 
Outside the same, there are extensive areas of sand and gravel 
(overwash plains), whose surfaces show little relief. 

This diminutive ridge, to which, and to which only, the name 
tt»rminal moraine is applied b}' the north German geologists, has 
no exact counterpart, so far as I know, in the United States. It 
is explained by supposing that the ice, in its retreat northward 
remained stationary for a somewhat protracted period in the posi- 
tion which the little ridge now occupies. It is l>elieved to have 
been constructed out of ground moraine material, from w^hich the 
finer parts were removed b}' the waters arising from the melting 
of the ice. The interlardings of till and stratified sand are ex- 
plained by supposing oscillations of the ice margin. When the 
ice overrode the incipient ridge, it is sup[)osed to have left a 
record of its transgression in a bed of till. When the ice re- 
treated, discovering the growing bowlder wall, this retreat is sup- 
posed to Ix^ recorded in the beds of stratified sand and gravel 
which sometimes occur between the coarser materials of the 
moraine. This terminal moraine {Endmorane) has not been traceil 
throughout its whole extent. It has been traced for considerable 
distances in the region north of Berlin, and is known at various 
(>oints east and west of that region. B3' l)r. Wahnschatfe it is 
not regarded as marking the limit of ice advance in the last glacial 
epoch. So far as I am aware, it is not known except in connec- 
tion with the ''ground moraine landscape" topography, though 
the universality of this relationship is not indicated by our author. 

Btnnlder Bclttt. The lK)wlder belts into which the German term- 
inal moraine sometimes passes are identical in character with the 
bowlder belts of the United States. The American bowlder belts 
are l)elieved to be accumulations of bowlders which were carrie<i 
forward within the body of the ice (considerabl}' al)Ove its base), 
and to have arrived at the surface of the ice before thev reached 
its terminus, because of surface ablation. Transferred thus from 
iin englacial to a superglacial position, they were carried forwani 
upon the surface of the ice to its edge, and there "dumped" u|)on 
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the surface of the land. * Had the edge of the ice been constant 
in position for a long period of time, it is believed that these 
bowlders would have accumulated in the form of a ridge, or 
^*bowlder wall.*' That the}' are so spread out as to constitute a 
l)owlder belt, instead of a "l)owlder wall, " is thought to l>e evi- 
dence that the margin of the ice was not constant in position. 

1 was fortunate enough to visit the terminal moraine of the 
Germans, in the localities which are described as typical, with 
Drs. Behrendt and Wahnschaffe in the summer of 1888. From 
the di8|K)sition and the form of the ridge under consideration, I 
was led to l>elieve, that, like our own l)owlder belts, it was largely 
composed of materials which had ])ecome superglacial before 
reaching the margin of the ice, and that the l>owlder wall consti- 
tutes a goo<l example of a '*dump'' moniine. Dr. Wahuschatfe 
urges that the ice sheet could have no superglacial material (p. 
107). But it is believed to be ix>ssible that material might have 
Ijeen received far up into the body of the ice in the c»ourse of its- 
passage over the mountainous lauds to the north, and that by 
surface ablation this englacial material arrivinl at the upper sur- 
face of the ice sometime before it reached the limit of its .south- 
ward journey. Under these circumstances, such superglacial ma- 
terial might poss(»ss many of the characteristics of the ground 
moraine material. It would have l)een subjected to much more 
wear than would tin* uisiterial carried from the outset upon the 
surface of the ice. 

My conception of tlie correlation of the (ierman termiiuil mo- 
raine {Endtunrihtf'), and the ' 'ground moraine landscape" {Gvuutl- 
uioriiiKHhuHlscluift), with th(» drift formations of the United States^ 
is this: The Baltic ridge, characterized by the ''ground moraine 
landscape ' or "knob and basin" topograi)hv, constitutes a l)elt or 
''tangle' of terminal moraines, accumulated beneath the oscillat- 
ing nuirgin of the ice, when and when* it was for a long time 
nearly stationarv. This varii^ty of terminal moraine lias l)een 
designated 'Submarginal. ' The German terminal moraine 
{EnihHorihn). resting \\\yoi\ this great submarginai terminal mo- 
raine, is a 'dumi)' moraine, accumulated during some minor in- 
terval of the time occupied in the accumulation of the greater 
moraine, when the ice edge was more constant than at other times. 

♦Chamberlin, Bulletin of the Geological Society of America, Vol. u 
p. 28, 1890. 
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dumping its surface material along a tolerably definite line. 
Where the line of dump was inconstant, the line widened to a belt, 
and here the -^dump" moraine became a bowlder l>elt, which is 
but a variety of a '^lump'* moraine. That this 'dump" moraine 
is to be distinguished from the greater belt with which it is asso- 
ciated is evident. The ( rermans have chosen to appl}' the name 
terminal moraine to this wall-like ridge alone. What corresponds 
to our main terminal (submarginal) moraine, they have designated 
ground moraine {UnnidnionhutiilaiHhvhnft)^ bec4iuse it was accum- 
ulated beneath the ice. We have chosen to designate both the 
formation corresponding to their * 'ground moraine landscape," 
and the bowlder belts associated, terminal moraines, because thev 
were accumulated at the terminus of the ice. We have separated 
the two types, as distinct varieties of the general species, terminal 

moraine. 

So far as 1 am able to jiscertain from Dr. Wahnschatfe's volume^ 

he regards the (lerman terminal moraine as accumulated beneath 
the ice and composed of ground moraine materuil. It is then^fore 
not easy to see why the* term Eiuhnonhif is more applicable to it. 
than to the Baltic ridge, if this latter were fashioned as Dr. Keil- 
hack believes. biMieath the margin of the ice. According to Dr. 
Wahnschatfe's view of its development, the designation terminal 
moraine would be inappropriate, since he does not believe it to 
have been made beneath the margin of the ice. Neither the Bal- 
tic ridge nor the Eiuhnorane mark the limit of ice advance in 
Germany in the second (Jlacial epoch, according to our author. 
In this respect the phenomena of (Germany correspond with those 
of our own country, where the larger terminal moraines do not gen- 
•rally mark the limit of ice advance, subsecpient to the fii-st glacial 
epoch. My own conclusion concerning the relation between the 
limit of the later advance of the ice. and the main terminal 
moraine, was the same iis that of Dr. Wahnschaffe.* 

Ktnmsi .^) Associated with the terminal moraine, there are. in 
various places, hills and sharp ridges of stratified sand and gravel 
{DurchntijinnfH-.i'njr), partially, or sometimes wholly covered with 
upper till. These eh^vations are sometimes arranged in linear 
order, but they do not always sustain this relationship to each 
other. They may be more or less isolated, or may l)e so dispo.sed 
as to form a belt. The layer's of the .sand and gmvel constituting 

♦Am. Jour. Sci. Vol. xxxv, p. 407, 1888. 
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tht» main part of these elevatious very generally dip from the 
center outward. Where the elevations are elongate, the axis 
from which the layers dip is the same as the axis of the ridges. 
The surface of these hills and ridges is often marked by an abun- 
dance of large bowlders. The mantling till, where it exists, is 
continuous with the till which constitutes the surface of the 
"ground moraine landscape'' belt, in the immediate neighborhood. 
The association of these ridges and hills with the terminal moraine 
(Endniordne), has led Sehroeder to the belief that they are closely 
Assfx'.iated with the latter in origin (p. 110), as well as in position. 
Their form is ascribed neither to erosion, nor to accumulation. 
They are regarded as swells or folds pressed up by the ice at its 
border, during a period when the edge of the ice was nearly con- 
stant ill position. Because of the peculiar sort of disturbance 
which the stratitication of these elevations has sometimes suffered, 
Dr. Wahnschaffe's inference seems justified, that lateral thrust by 
the ice must also have played some part in their origin. Wahn- 
schafTe appears to agree with Schroeder that these hills and ridges 
were essentially contemporaneous in origin with the terminal mo- 
raine (Endnionhir). From the description ])eforc us, it is not 
clear that they do not constitute an element of the "ground mo 
raine landscape. ' It will be seen that Wahuschatfe and Schroed- 
er's view concerning the time and method of origin of these sand 
and gravel hills, corresponds somewhat closely with Dr. Keil- 
hack's view concerning the time and the method of origin of the 
elevations and depressions of the region designated "ground 
moraine landscape." We have already seen that Dr. Wahn- 
schatfe's view of the origin of the "ground moraine landscape, * 
is different. Hut we believe that Dr. tCeilhack's explanation of the 
"ground moraine landscape " is more nearly correct, and that it is 
in perfect harmony with Wahn.schatfe and Schroeder's view con- 
cerning the origin of the sand and gravel hills and ridges asso- 
ciated with the terminal moraine {Endmnnhic)^ and with the 
"ground moraine landscape." Dr. WahnschatTe indicates the 
clo.se iissociation of the one chws of drift hills with the other, but 
unfortunately he docs not state whether the sand and gravel hills 
are more commonly associated with the outer or with the inner 
lx)rder of the "ground moraine landscape." He would seem to 
imply that the association of the (Jerman terminal moraine (End- 
jtwrihir) with the hills here noted, is very close; but since he does 
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not indicate whether the Endniorthic is more commonly found on 
the outer or on the inner face of the * -ground moraine hmd- 
scape" belt, this relationship between the ^'Endmorihu-' and the 
^^DurchraganyHzugfr does not serve to indicate the relation be- 
tween the latter and the ^^(rruuflnioranenf(imLw/i(i/f/' 

We believe that the three sets of phenomena, the '-ground 
moraine landscape*' {:- our terminal moraine), the German term- 
inal moraine (= a ''dump' moraine), and the hills and ridges of 
gravel and sand( Durvh ra(fnnys?:iiffc mul Kanie), are closely associated 
in time of origin. We believe that they all represent marginal 
accumulations, and that together they constitute what is known in 
America as a belt of terminal moraines. The gravel and sand 
hills and ridges, with occasional bowlders below the surface, and 
abundant ones upon it, we regard as kames, and believe that they 
correspond to the kames so commonly associated with the termi- 
nal moraines in America. Locally such kames make up a large 
part of our terminal moraine accumulations. This correlation is 
based in part upon Dr. Wahnschaffe's description, and partly upon 
my own observations. If this interpretation be correct, the termi- 
nal moraine {Emlmonhn') of the (iermans, and the accumulations 
here regarded as kames, should be more commonly associated 
with the outer face of the l>elt affected by the ''ground moraine 
landscape" topography than with the inner. But kames are not 
confined to such positions. Locally they are abundant and well 
developed on the inner face of the terminal moraine belt, and 
less commonly at points remote from it. (leinitz has regarded 
the sand and gravel hills as Asar and kames, (p. \V^) but this 
view does not seem to approve itself to Dr. Wahn.schafTe. 

There are a few ridges of stratified material not stated to be 
closely associated with the Baltic ridge, which would appear to be 
osars. One such is mentioned by Dr. Wahnschaffe at Lubasch in 
Posen. Othei*s of similar form are excluded from the class osars, 
apparently oh the ground that they are covered by till, while 
typical osars have not their crests covered by till, though their 
Hanks may be. We do not get the impression from the refer- 
ences to kames and osars (asar) that discriminations between then^ 
have been carried to the .same extent in (lermanv as in America, 
lint the distinction between kames and osai*s has only recently 

ft ft. 

come to be generally recognized here. 

The discussion concerning the position of the --old*' valleys, and 
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their relations to the courses of the present streams, is an interest- 
ing study in river drainage. The valleys of the *«oId" streams 
have l>eeii filled to considerable depths with sand, emanating from 
the glacier formations. In some places, and for considerable 
stretches, these **old" valleys are now dr}\ In other places they 
are occapied by inconsiderable streams. It would be a matter of 
great interest to know whether the **old" valleys are pre-glacial, 
or whether they are interglacial in origin. We infer that their 
sand filling is regarded as last glacial (p. 128). If it could be 
shown that the excavation of the **old*' valleys was interglacial, 
or that any considerable part of their excavation was interglacial, 
such demonstration would l)e a convincing proof of a long inter- 
glacial epoch. 

Loi'Hs. On the southern border of the north German lowland 
there is a narrow belt of country covered with loess, although the 
loess is not confined to that portion of Germany which is properly 
designated * 'lowland. " It reaches to the southward so far as to 
cover the lower portions of the southern upland. The loess is 
well developed in the northern part of Saxony and in the vicinity 
of Halle and Magdeburg. The topography of the loess-covered 
country is gently undulatory. A large number of the German 
geologists who have studied the loess appear to have adopted the 
teollan hypothesis. Dr. Wahnschaffe, on the other hand, believes 
the loess to have been dei>osited by water, and by water which 
arose chiefly from the melting of the ice in the last glacial cjioch. 
He conceives the water which deposited the loess to have accum- 
n lilted in a number of more or less connected basins, lying be- 
tween tiu* ice on the north, and the highlands beyond the ice on 
the south. The waters thus confined between ice and upland had 
an outlet, so it is believed, toward the northwest; but it is held 
tliat the movement of the water was so gentle that it was able to 
carry away only the finest clayey material, while the materials of 
silt-grade of coarseness were deposited in the area covered h\ the 
water, and constitute the loess. The northward drainage from 
the highlands on the south, and the southward drainage from the 
ice on the north, both contributed to the formation. The altitude 
of the loess is stated to be about 282 feet in Saxony, while it rises 
to the hight of 000 feet in the Harz mountains. 

The chief reasons quoted from its advocates in support of the 
leollan hypothesis, are the presence of fossils of land animals. 
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Dr. Wahnschaffe does not give specifically the reasons for his be- 
lief in the aqueous origin of the loess, though he devotes some 
space to a consideration to the arguments of those who believe 
that it was deposited by the wind. We think that Dr. Wi^hn- 
schaffe's arguments against the leolian hypothesis have much 
force. After a brief examination of the loess in several points 
in the vicinity of Magdeburg, in company with Dr. Wahnschaffe, 
1 was convinced that his view concerning the origin of the loess 
was the right one for that region. I have no data for an opinion 
concerning the time of the origin of the German loess. If it be-j 
long to the time of the last glaciation, it does not correspond in 
point of time of origin with the great body of the loess in the 
United States; but that is no reason for believing that Dr. Wahn- 
schaffe 's interpretation is not right. It is believed that the loess 
in the United States originated at different times. 1 am inclined 
to think that some of it may have originated in connection with 
the last glacial epoch, and I know no reason why that may not 
have been the time of the chief accumulation of the loess in 
German v. 

Tilt Lakes. The relationship between the distribution of lakes 
and the extension of the ice sheet is the same in Germany as in 
the United States. The lakes are chiefly confined to the area 
which suffered glaciation, and to the area which suffered glacia- 
tion the second time. But it is to be observed that the}' do not 
have a general distribution over the whole of the area which the 
last ice sheet invaded, as Dr. Wahnschaffe would define that area. 
Soutliwest of the Kibe, for instance, lakes are almost wholly 
wanting. This fact is in itself an evidence, though alone not a 
conclusive evidence, that this region was not glaciated in the last 
epocli. It is to be remembered that not all German glacialists 
are agreed that this region (the Lunehurger Iletde) was covered by 
ice in the last ice epoch. The absence of lakes supports the neg- 
ative. Lakes an* most abundant along the Baltic ridge, where 
the • Aground moraine landscape'' is bt^st developed, just as they 
are most abundant in our country, along the courses of the termi- 
nal moraine. They are not infnxpient north of this ridge, and in 
some parts of (lermany they cannot be said to be rare south of it. 

The question as to the origin of the lakes which lie within the 
drift-covered territory of Germany, is one concerning which there 
has been much discussion and much difference of opinion. Inter- 
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esting as the history of opinion on this point is, we shall content 
ourselves at this time with mentioning onl}' Dr. Wahnsehaffe's 
views. Be it remarked, however, that it has always seemed to 
the writer that much of the discussion concerning the origin of 
the German lakes, masked a broader question, which embraced 
the narrower one discussed. Enclosed depressions are one of the 
conspicuous features of the ''ground moraine landscape.'' Many 
of these depressions do not become lakes because of pervious bot- 
toms. But the dry ^'kettles'' are just as significant as those filled 
with water. The depressions are associated with hills and ridges 
which constitute the second conspicuous feature of our terminal 
morainic topography. The association of these two features is> 
such as to make it necessary to suppose that the explanation of 
the one must take account of the other ; that the processes which 
called forth the one, were responsible also for the other. The (ques- 
tion at issue, therefore, is not the origin of the lake hasiihs, but 
the origin of the hills (uul hasins (whether occupied by water or 
not), that is, the origin of the "ground moraine landscape" (our 
terminal moraine ) topography. This is not so much a criticism 
of Dr. WahuschatTes discussion as a comment upon some of the 
discussions which have preceded this volume, and which are cited 
in it. 

Dr. WahnschatTe recognizes several classes of lakes. One class 
is designated the '-ground moraine lakes" {(Mrnndnunu"iuinsfrtn). 
It is to this class of lakes to which the foregoing comment is rele- 
vant, and Dr. Wahuschatte does not regard their origin as a ques- 
tion distinct from the origin of the topography of the Baltic. He 
would therefore make the origin of these basins contemporaneous 
with the origin of the topography with which they are associated. 
A second class of lakes are associated with the Einlmomnc, and 
occupy depressions, of which this ridge con.stitutes one of the 
boundintr walls. Tliev are ]>asins formed 1)V morainic dams. A 
third class of lake basins are attributed to the eroding action of 
the waters arising from the melting of the ice, either as they 
l)lunged through crevasses, excavating small circular hollows 
below, or as they flowed through their sub-glacial or extra-glacial 
courses. Many of the lakes which are connected with each 
other as beads on a string, are referred to such an origin. Still 
other lakes, few in numl)er and small in size, may be the result 
of underground solution. 
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Pnst Ghnial Chanyc.a. Not the least valuable chapter of the 
book is the discussion of the surface changes which the German 
territory has undergone in postglacial time. Certain criteria, 
which have at one time and another been used as evidence of 
change of level, are discussed and their errors clearly pointed out. 
Kvidence of great changes of level in post-glacial time is not 
found in the coast region. The topographic distribution of the 
loess in southern (lermanv, so far as its altitude in different 
regions is given, would raise the question whether there may not 
have been considerable surface warping in that region. 

Although 1 have dissented from some of Dr.Wahnschaffe's con- 
clusions, some of these differences are more apparent than real, 
because of the diverse use of terms. Others are more funda- 
mental. To accomplish the purpose for which this paper is 
written, it has been necessary to emphasize the points wherein 
American and German views differ most widely, passing over in 
silence many of the more numerous points of agreement. But 
the book is throughout suggestive, and on the whole a most satis- 
factory compendium of i)resent knowledge concerning the glacial 
formations of Germanv. 



GAS WELLS NEAR LETTS, IOWA. 

By I*K<)P. F. M. WiTTBR, Muscatine, Iowa. 

In the early partof December, 1890, Mr. T. L. Estle, living in 
Section :], Township 75 X. Range 4 W. 5th Principal Meridian, 
sunk a well on his farm for water. In drift at a depth of about 
100 feet he struck gas which burned readily, but in two or 
three days the gas ceased to flow. Between 40 and 80 rods 
west of this place about the same time Mr. R. M. Lee bored for 
water. At aljout 100 feet he failed to get water and stopped 
boring. 

In the evening he commenced to pull out his casing, and succeeded 
in raising it perhaps 8 or 10 feet. During the night a great roar- 
inji^was heard, and on approaching the well with a lantern the gas 
took fire and a great flame shot several feet into the air with a 
frightful noise. In a few days the flame was extinguished, and 
the gas piped into Mr. Lee's house, a few rods awa}', where for 
over a year it has furnished him light and fuel. 



320 The American Geologist. . May, iws 

This well now furnishes Messrs. R. M. Lee, T. J. Estle, J. E. 
Lee and Robert Lee with all their fuel and light. Mr. Robt. Lee 
is a little over one mile from the well. 

It is carried in common gas pipe laid on the top of the ground. 
The pipe is 2 in., 1^ in., and the last half mile 1 in. in diameter. 

This well supplies 12 fires and 16 lights. 

No estimate has been made as to how many more it might sup- 
ply, but the number would certainly be quite large. 

Mr. J. E. Lee stated that the opening admitting the gas from 
the casing of the well to the main was considerably less than the 
size of an ordinary lead pencil, and that it flowed a half mile in 
the main in 14 seconds. How this rate was satisfactorily ascer- 
tained we did not learn. 

The same gentleman said the pressure at first was about 5^ 
pounds, which has steadily risen till it is now 12 pounds. From 
a large stream issuing in our faces we could detect a faint odor 
resembling ether or chloroform. It gives a fine steady light and 
most intense heat in the stoves and artistic grates. It seems in 
all respects to be equal to or superior to the best artificial illum- 
inating gas. The gas is used just as it is when it issues fix>m 
the well. 

Within a circle of alx)ut three miles in diameter in the town- 
ships named alK)ve, from at least seven wells sunk for water, gas 
issued. The depth to the gas ranges from about 90 ft. to 125 ft. 
At a depth from G to 25 feet below the gas a good, constant sup- 
ply of water is obtained. It seems to be very easy to shut oflf the 
gas by the rapid sinking of the casing in a sort of blue clay with 
some sand, in which the gas is thought to be stored. The cla}' 
seems to form a tube as the drill and casing descend, and this 
prevents the gas from getting into the well, unless it is given a 
little time at the right place. The country for miles around 
is full of wells, which are all believed to be sunk to the water 
below the gas, without discovering the gas for reasons given 
above. 

I made the following tests on the water from below the gas. 
With potassium ferrocyanide I observed no reaction. On evapo- 
rating perhaps 50 cc, a considerable amount of solid matter was 
obtained. This was of a somewhat yellowish brown color, and 
effervesced readily with hydric chloride. This solution when 
tested with potassium ferrocyanide gives a deep blue. I was led 
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to believe from these tests that the water contained a caHioiiate 
and some compound containing iron in solution. 

At a depth of 18 or 20 feet, water has generally been found in 
this locality, but the supply is variable. Mr. Robt. Lee has a 
well which he dug several years ago, the water of which was ex- 
cellent and in good quantity. This well is about 18 feet deep and 
carefully walled. Last summer he bored for water about 1 00 feet 
from this well. At a depth of a little more than 100 feet he 
found a little gas issuing at irregular intervals. Immediately 
after the appearance of the gas the water in the shallow well 
became muddy and unfit for use, and has remained so, though 
the water seems to be much worse at times, which are irreg- 
ular. 

It seems to me that the gas rises outside of the casing to the 
porous bed holding the water of the shallow well, and passes 
through this to the well and injures the water. 

The country in which these wells are located is comparatively 
level. Indications are at hand everywhere of a boggj' or peaty 
nature. There arc but few low hills and no ravines of any note. 
The soil is a rich black loam, and the whole region is said to be 
destitute of the boulders so common in many parts of Iowa, and 
especially of Muscatine county. Mr. J. E. Lee stated that wells 
in this region had been sunk 280 feet, and no rock had been 
reached. 

The well in Muscatine county from which gas is used is 
on the farm of Mr. Jno. Idle, in Section 35, Township 7G, Range 
4 W. 

The farmers in the neighborhood of these gas wells are about 
to complete an arrangement to put down a well 2,000 to 
2,500 feet deep. This is to determine whether there is oil below 
the gas. 

It is my own impression that the gas comes from considerable 
beds of vegetable matter buried in this unusuall}^ heavy drift de- 
posit in this region. The area, it seems to me, which is thus un- 
derlaid, is G or 8 miles long, and perhaps 3 or 4 miles wide. 

I should expect to find the rocks here directly below the drift 
to be of the Devonian age. 

This locality is on the east side of the Cedar river. The near- 
est well to the Cedar is about two miles distant. No gas has yet 
been found on the west of the Cedar. 



CLIMATIC CHANGES INDICATED BY THE GLA- 
CIERS OF NORTH AMERICA. 

lV»f. iKifour lub^ >lii>vii ifaai the existing gUcief^ of Europe 
Ao*i A>Li Are retre:itiDg. ^ Thi> is proof of a nuirkevi cliniditie 
cittii:2v MTer :i sre:il :irv:i. within the List •^ne or two ilecades. and 
rwi»lers it impB>rt:in; to know if eviiWnce of :i similair change is 
fnmLsbeii bv the glaciers uf other regions. Sboaki it he foand 
that <:Iaeier!<> on other Oi>ntinents are also retreating, it would not 
•juLx >^ an interesting contrilmtion to physical geography. Imt 
have an inipi»rtanl tiearing on the study of the causes of the 
^vlacial K|j»x*h. 

The tiata presenter I in lhi> |«a|ier in referem-e to recent changes 
in tcie iiaeiers of Nurth America, have lieen assemMed in response 
tM 1 letter a»l«lrescse«l to the Director of the U. >. Vveotogical Sur- 
v<-y \-y I*r»>f I>uf*>ur.aad is here publishe«l with the h<>pe that it may 
lead :».* the accuinulati«.>n of atkiitional data in the ^amecooDeetion. 

•T-Atjiers may W arranged. prv>risi^>nally at least, in three 
c!a»**-*. ^Iz — Alpiae. iKe«lm»xit and c^KitinentaL It is also con- 
vv^ir^: :•. -K^Li^iiitr :h»>*e which enter the •xH?aa ami break off in 
•>f^r^. a> li'lr- wdkter ;j:;ac:»'r^ Kxamplo of each of these types 

T-r- ^.ioirrr^ ■' NvrtQ Amen«--a ar\* o»a5ae»i to thf Corxlilleran. 
-.y<rai A-»! : • 'he •ir^r^Iaad rvtn^^a Small ivv U>lies are known 
t* ' rx-.'< '.'S. ib^ h-l^bitrT v.>U^a:o tweaks in Mexico. l««i of these we 
biVr -c-y in'ifHfn.::^ :nfv»mia:;ot: Their >«Hi:hem limit in the 
^~z-:r-i '^^a:.*?* > \n. th-rHlirti Sierra of OaltforaLa. in about latituile 
y-7- V Th*r >.v ''*^He> :- :ha: re-jnon are small >»ut have the 
*— -^c'aI '"etirnre^ -^f :br lar^res: alpine glaci^r^. They are con- 
Iz— i : • 'ir»ine> 2*rar ::ie 3i»K.:a:a:a summits and ^lo iK*t descend 
>♦-:..» i h-»r^»ii !-.»*•»•» :•' 1:>.»hhi f^^ aS>Ye the >ea. In 
z-rii^^m ralifvmia. •►rv.n»n. an-i Wa>hingt»>Q. ^rlaciers become 
3i«-rv^ n'lni^-r*-*!^- "f :;nva:er «'x:«-:::. and exten-l to k>wer bori- 
ii c- :!ian. Lz. :h*r Hiiiti Si^rm. They »xvur aNnit the sumnuts 
••f Ml. ^hak>ta. M:. Kaiaer. M: Baker. an«i sewral other peaks 
in :^«- «'a^-^-nfie 3i«xi2.:a:2>- ^Li-.'^l: have an altitmie exceeding 
T4. ..*.•» .>r :!.»••••' trrtz. Ill th^:- K'vkv m-Hiatalas they liegin 
ar zh.T ^Hith- w::a. sa*»w "•m:^^ ia Coloriulo. which br some 
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are considered as true glaciers, and increase in number and 
extent townnls the north. In the Cordillera system in Canada, 
glaciers are numerous, but have been explored to onh* a lim- 
ited extent. Those best known are > in the Selkirk mountains 
and on the Stikine river. Farther north in the same great mount- 
ain belt, many glaciers are known to exist, and in Alaska they 
reach their greatest development. As one follows the glacial belt 
northward the lower limit of perpetual snow descends lower and 
lower, until finallv at the bjise of Mt. St. Klias its elevation is 
only about 2.500 feet above the sea. The glaciers extend below 
the snow fine and reach sea level near the mouth of the Stijtine 
river in about latitude 57°. From there northwestward to Cooks 
inlet there are hundreds, if not thousands, of magnificent ice 
streams which descend nearly to the ocean level, and scores which 
enter the ocei^n and breaking off form bergs. Local glaciers 
clustering about high peaks, occur on the Alaskan peninsula and 
the Aleutian islands. This great glacier belt is approximately 
3,(MJ0 miles long. The most thoroughly snow and ice covered 
portion is in the region about Mt. St. Elias, where not less than, 
30.000 square miles of exceedingly mountainous country is com- 
pletely buried beneath a vast neve field which is drained by 
glaciers of the alpine type flowing both north and south. Those 
flowing south are the more important. On gaining the flat lands 
between the base of the mountjiins and the sea, they expand and 
form Piedmont glaciers. Of these, theMalaspina glacier, having 
an area of about 1,500 square miles, is the best known example. 
An interesting fact in connection with the distribution of glaciers 
on the west coast of North America is that tlieir northern limit is 
less than one hundred miles north of Mt. St. Klias. Mountains 
in central and northern Alaska having an elevation of 4,000 or 
5.000 feet are without snow during the summer and no glaciers 
exist upon them. As is now known this region was not glaciated 
during the Glacial Epoch. 

On the east side of North America existing glaciers are con- 
fined to Greenland and to neighboring islands. The ice sheet cov- 
<»ring Greenland is of the continental type and, as is well known, 
is the largest existing ice body in the northern hemisphere. The 
glaciers on the islands west of Greenland are of the alpine type, 
antl many of them are known to be of great size, but their ex- 
ploration is far from complete. 



\ 
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Are the Glaciers of North America Advancing or Retreating ? 

The glaciers of this continent liave 1)een known for so short a^ 
time that only small portions of their histories have been read. 
Their study is compriseil almost entirely witliin the past decade* 
and has been carried on in such a desultory way that for the most 
part only qualitative evidence as to their advance or retreat id- 
available. 

Character of the Evidence: Evidence of the advance or retreat 
of the ends of alpine glaciers, or of the lx>rders of piedmont 
and continental glaciers, may be obtained in various ways. Gla- 
ciers which are advancing sometimes plow into the debris in 
front of them and force it up in concentric ridges, usually with, 
the formation of cracks in the soil. The surfaces of the ridges 
formed in this wa}' are frequently covered with vegetation, wliicb 
in addition to thmr forms and the character of the material of 
which they are composed, serves to distinguish them from termi- 
nal moraines. When a glacier a<lvance8 into a forest, the trees 
are broken off and piled in confused heaps about the margin of 
the ice. The upper surface of a glacier is known to flow faster 
than the ice below, and an advance is probabl}' accomplished by 
the upper surface flowing over and burying the ice which rests on 
the ground. For this reason, advancing glaciers usually present 
bold scarps at their extremities, and. in general, are not covered 
with a broad sheet of debris. 

In retreating glaciers the layers of new snow deposited on the- 
neve fields and changing to ice as they flow downward, are melted 
before reaching the margins of the ice streams, and the slow mov- 
ing ice at the bottom is thus left exposed and melts awa3\ The 
retreat is accompli8he<l not by a contnwtion in the volume of the 
ice-body, but by the melting of its distal extremity. The ice 
which is not covered bv fresh lavers melts at the surface, and the 
englacial debris which it contains is concentrated in a general 
sheet forming fringing moraines. When a sheet of debris of this 
character is extensive and covers the lower portion of a glacier 
from side to side, it indicates that the ice beneath is practically 
stationary and consequently is melting and retreating. The end.* 
of retreating glaciers frecjuently have a gentle surface sloi>e, and 
in many instances are so completely concealeil by debris that the 
actual terminus of the ice cannot be distinguished. When the 
moraines are heavy, however, and especially when they are clothed 
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with vegetation, the melting of the ice beneath is greatly retarded, 
and in some observed instances the glaciers tlms protected termi- 
nate in bold scarps. 

When a glacier retreats more rapidly than soil can form on the 
abandoned area, so as to admit of the growth of plants, a deso- 
late tract is left about its end, on which concentric lines of stones 
and boulders may indicate halts in the retreat. Barren areas of 
this nature, when the lack of vegetation is not due to the action 
of water from the ice, are good evidence of recent glacial reces- 
sion. When glaciers which flow through a valley having steep 
sides, become stagnant, a general lowering of the surface, de- 
creasing up stream, takes place, which leaves the bordering slopes 
bare of vegetation. The action of rain and rills on such surfaces 
may indicate to some extent the length of time they have been 
exposed. The presence of fine glacial debris on slopes from 
which it would be easily washed by rain, may also furnish evi- 
dence in the same connection. Retreating glaciers sometime 
leave detached masses of ice which are melted in the course of a 
few years and hence indicate rapid changes. The amount of sub- 
aerial erosion on glaciated areas may also serve to indicate the 
length of time they have been exposed. 

These various classes of evidence usually enable one to deter- 
mine definitely whether a glacier has recently advanced or re- 
treated, and may sometimes afford a clue to the rate of these 
changes. In the study of the glaciers of America we have at 
present no definite quantitative measurements, and must rely on 
such phenomena as have been indicated. 

California: Some of the small glaciers in the High Sierra 
were visited by me in 1883 and 1884. 1 found that they were 
certainly not advancing, and from the occurrence of barren area 
about their extremities judged that they were slowly receding, but 
could not obtain evidence as to the rate of the recession. 

Observations by J. S. Diller, of the U. S. Geological Survey, 
on Mt. Shasta, indicate that the glaciers in northern California, 
like those farther south, are retreating. Evidence of this is 
furnished by barren areas about the ends of several of the glaciers 
and by a conspicuous lateral moraine on the side of the Whitney 
glacier, which in 1887 was about twenty-five feet above the level 
of the adjacent ice. 

Oregon and Washington: The glaciers on the Cascade mount- 
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uiiis have been visited by a uumber of persons, but I have been 
unable to obtain satisfactory evidence of advance or recession. 
An inspection of photographs of the glacier on Mt. Rainer indi- 
cates tliat they end in areas bare of vegetation, which presum- 
ably were recently occupied by ice. 

British Cohimhia: The glaciers of British Columbia, although 
numerous and important, are but imperfectly known, and only a 
few observations, on recent changes have been made. M&ny of 
these glaciers, however, have been seen by Dr. G. M. Dawson, 
who informs me that in no instance are there evidences that they 
have recently advanced, and considers it is safe td assume that they 
are either stationarv or slowlv receding. 

11. (f. McConnel, of the Canadian Geological Surv^ey, has 
kindly informed me that the glaciers, both on the Stikine river 
and in the Rockv mountains, have shrunken back from fresh look- 
ing moraines, and that the intervals between the ice and the mo- 
raines, in all instances examined by him, were destitute of trees 
and contained but little vegetation of any kind. In his opinion a 
marked retreat has occurred within the last centurv or two, but 
whether it has been in progress during the past one or two dec- 
ades cannot be decided from tlie evidence in hand. Observa- 
tions made livMacoun and Intrersoll confirm this conclusion.* 

I visited the lUecellewaet glacier at Glacier station, on the 
Canadian Pacific Railroad, in the spring of 1891, and found a 
])arren area, intervening between the ice and the encircling forest, 
several hundred yards in breadth, which had cvidentl}' been but 
recentlv abandoned 1)V the jjjlacier. A small moraine on the 
western side of the glacier also suggested a recent shrinking of 
the ice. The evidence of a recent retreat of this glacier has 
also been noted bv W. S. (ireen.t 

An absence of vegetation alnjut the extremity of one of the 
glaciers on Stikine river was noted by Blake, + and may probably 
})e taken as an indication of a recent retreat of the ice. A legend 
current among the Stikine Indians indicates that two glaciers on^ 
opposite sides of the stream were formerly united and that the 
river then flowed through a tunnel beneath the ice. 

♦Mountaineering in British Columbia, by Ernest Ingersoll, Bull. Am. 
(teog. Soc, Vol. XVIII, 188C, p. 18. 

+AmoDg the Selkirk glaciers, London, 1890, p. 69. 

^American Jour. Sci , Vol xliv,1807, pp. 96-101. 
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Alaska: The evidence that a general retreat of the glaciers of 
Ahiska is still in progress is abundant, and in a few instances is 
of quantitative value. 

Lifiia Canal: About this magnificent inlet there are many ice 
streams of the alpine type, which descend nearly to sea level, but 
none of them are now actually tide water glaciers. About the 
ends of many of them there are dense forests of spruce trees 
which must have been growing for at least one hundred and fifty 
years, but between the forests and the present terminus of the 
ice there is in several instances a barren area covered witl>morainal 
deposits and bearing every indication of having but recently been 
abandoned by the glaciei*s.* Tliese conditions are especially 
noticeable at the extremity of the Davidson glacier, situated on 
the western side of the inlet near its head, which expands into a 
broad ice foot on leaving the wild gorge through which it flows. 
Between the present terminus of the ice and the encircling forest 
there is a barren tract half a mile broad, which has ])een left by a 
retreat of the ice so recently that vegetation has not been able to 
take root upon it. A decided retreat of the ice has here recently 
occurred, and to all appearances is still in progress, but no ob- 
servations of its rate have been made. 

Conditions similar to those seen at Davidson glacier were ob- 
served in connection with several other ice streams in the same 
region. In Taku inlet, the Norris glacier comes down to sea 
level, but is separated from the water by broad mud flats. There 
is no indication that this glacier has recently advanced and an 
accumulation of debris over its surface indicates that it is melt- 
ing away. The Taku glacier near at hand, is of the tidewater 
type and evidence of recent changes are wanting. 

GJaelt r Bat/: The evidence of recent changes in Muir Gla- 
cier have b^en presented by Wright,! who has shown that 
it has <iuite recentl}' been both more extensive and of less size 
that at present. Additional evidence of these changes have 
been supplied by Reid, + who concludes that Muir Glacier and 
other ice streams now discharging into (t lacier bay, were form- 

♦Bull. Geol. Soc. Am., Vol. i, 1890, p. 152. 

tThe Ice A^e in North America, bv (t. Frederick AVrigl.t, New York, 
1889, pp. 51-57. 

^Studies of tlie Muir Glacier, by II. F. Held, National Geographic 
Mag., Vol. IV, 1891, pp. 
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erly much more extensive than at present, and at the time of 
the Vancouver's expedition in 1794, probably occupied the 
whole of the bay to a point some distance below Willoughby 
island. The retreat during one hundred years is thought to 
be in the neighborhood of fourteen miles. This conclusion, 
however, rests on certain passages in the narrative of Van- 
couver's voyage* which may possibly refer to floating ice, and 
not to actual glaciers, and therefore not have the quantitative 
value indicated above. But under an}' plausible rendering of 
Vancouver's account, it does not seem possible to escape the con- 
clusion that the ice in Glacier bay was far more abundant at the 
time of his visit than in recent years. 

Observ'ations made by Wright and Reid in 188C and 1890, 
respectively, show that Muir glacier has retreated during this in- 
terval more than 1,000 yards. This observed rate of recession 
would, if continuous for one hundred years, produce a retreat of 
approximately fifteen miles, and affords ground for believing that 
the great retreat supposed to have occurred since Vancouver's 
visit is approximately correct. 

John Muir has kindh* contributed the following note concerning 
the retreat of the glaciers of southeastern Alaska, which con- 
firms the evidence already presented: 

**A11 the glaciers that liave come under my observatioD in Boutheastem 
Alaska have retreatt^l and shallowed since first I became acquainted 
with them in 1879 and 1880. Those in which the declivity of the chan- 
nels is least, have of course receded the most. During the ten years 
between 1880 and 1890, Muir glacier has receded about one mile, at its 
mouth in Muir inlet.*' 

St. EUas Rcyion: Much space could be occupied in recording 
observations which indicate a general recession of the glaciers 
about Yakutat and Disenchantment bays and along the adjacent 
ocean shore, but a brief summary of this evidence is all that 
seems necessary at this time. 

The lower portions of a large number of glaciers in this region 
are completely covered by continuous sheets of debris which has 
been concentrated at the surface through the melting of the ice. 
This debris is not being carried forward and deposited in terminal 
moraines, but is distributed over the surface of the ice in a thin 

*\'oyage of Discovery around the AVorld, by Vancouver, Vol. v, pp. 
420-423. Quoted by Wright in Ice Age of North America, pp. 55-57. 



CUmatiC Chamjett Imlicatedhy Glaciers, — RuHnell, 329 

sheet and marks the stagnant condition of the glacier on which it 
rests. In several instances, especially on the outer border of the 
Malaspina glacier, the moraines resting on the ice are clothed 
with vegetation, which over many square miles has the character 
of a forest, composed principally of spruce trees, some of which 
.are three feet in diameter. Within the forest covered border and 
forming a belt concentric with it, there is a barren tract covered 
with stones and Iwulders. The forests growing on the glacier 
.and also thousands of lakelets, ]K)th in the outer border of the 
barren moraine and in the adjacent forest -covered moraine, indi- 
cate conclusively that the ice-sheet is stagnant and consequently 
wasting away. On the coast lK)rdering the Malaspina glacier on 
the south, there were formerly two projections called |)oint Rio 
and cape Sitkagi which were noted by the explorers one hundred 
vears ago. In traversing this coast in 1891, 1 found that no capes 
exist at the localities referred to. At the site of cape Sitkagi 
there is evidence that the sea has recently invaded the glacial 
boundary. On the sides of many of the alpine glaciers in the 
St. Elias region there are steep slopes bare of vegetation although 
well below the upper limit of tree-growth of adjacent areas, which 
indicate that the ice streams have recently shrunken within their 
be<ls. My conclusions after two visits to the glaciers in the St. 
Elias region is that without exception they are rapidly retreating. 

Near point Manby there is a locality where the Malaspina gla- 
•oier has recently advanced about 1,500 feet into a dense spruce 
forest, cutting off the trees and sweeping them into confused 
heaps. After advancing, the ice retreated, leaving a typical mo- 
raine surface filled with lakelets. This is the onlv instance of a 
recent advance that has come under my notice. 

The head of Yakutat bay was visited by Malaspina in 1791, 
4Ui<l again by captain Puget in 1794. Each of these explorers 
found the inlet blocked bv a wall of ice from shore to shore. 
No other observations in this connection were made until my 
visit in the summer of ISOO.* From what may now be observed 
it is evident that the Dalton and Hubbard glaciers, which come 
down to the water at the head of the inlet and break off in bergs, 
must have t»xten(led some five or six miles beyond their present 

* Map indicating the position of the ice in 1791 is shown on plate 7 
:unl its e.xtent in iSOO. on plate 8» of my report on an expedition to Mt. 
r^t. Klias, in Nat. Geog. Mag., Vol. iii. This ia only a sketch map, and 
cannot be relied upon for measurement of distances. 
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position at the time of Malaspinas and Piigets visits, and were 
then united so as to completely block the entrance to Disenchant- 
ment bay, which is a continuation of Yakutat bav. These obser- 
vations show conclusively that the glaciers mentioned have re- 
treated five or six miles within the past one hundred years. The 
small recession that has here taken place, in comparison with the 
changes reported in (rlacier bay, during the same time, is prob- 
ablv due to the fact that the neve from which Muir glacier flows, 
is much lower than the snow fields drained bv the Hubbard and 
Dalton glaciei's, and presumably more sensitive to climatic 
changes. 

North Side of the St. Elian Mountains: Dr. C. Willard Haves. 
of the U. S. Geological Survey, in crossing from Selkirk house 
on the Yukon river to Copper river, in 1801, passed for a portion 
of the way along the northern border of the great system of 
mountains which culminate in Mt. St. Klias, and discovered sev- 
eral large glaciers of the alpine type flowing northward from the 
neve field north of Mt. St. Klias, and also other glaciers draining 
neve fields about Mt. Wrangell and flowing southward. Resi)ect- 
ing the evidence of recent changes in these glaciers, Dr. Hayes 
has kindly supplied the following notes: 

Two large glaciers and many small ones were seen flowing from the 
St. Elias mountains nortliward into the AVhite river basin. Another 
flows from the southeast into the pass and drains into both the AVhite 
and Copper river basins. About the head of tlie Nizzenah are four large 
and many small glaciers. Flowing into Copper river from the coast 
range are four or five glaciers, one of them — Miles glacier — being larger 
than any seen further in tlie interior. Observations were thus made on 
twelve glaciers, and with one exception to be described later, all show a 
more or less rapid recession. The evidence of this recession in most 
cases is the accumulated moraine covering the terminal edge of the 
glacier; or where there is not suflicient englacial drift to accumulate and 
form a protective mantle, the stagnant ice melting to a feather etige. 
The White river lobe of Russell glaciers is of the moraine covered 
type, while the Xizzenah lobe has the featlier edge. On the Klut- 
lan and Russell glaciers the outer portion of the moraine covered ice 
supports a dense vegetation, which becomes gradually more scanty and 
disappears about half a mile from the edge of the ice. The recession 
of the smaller glaciers along the Nizzenah app^^ars to have been 
more rapid than the advance of the vegetation so that between it and 
the ice is a belt of bare moraine. 

Miles glacier terminates in an ice cliff fronting upon Copper river 
and the river has as yot cut only part way through the dam formed by 
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the northern lateral moraine. This moraine must, until very recently, 
have been backed up by the glacier itself, though the front of the latter 
has now retreated two miles to the eastward. 

While the fact of recession is manifest, the rate is more difficult to de- 
termine. In one case, however, it is possible to connect the amount of 
recession with an important episode in the history of the region, namely, 
the eruption of a wide spread deposit of volcanic ash which extends 
from near the head of the Pelly westward to Scolai pass. With regard 
to the age of this deposit Dr. Dawson says:* "AVhile the eruption must 
have happened at least several hundred years ago, it can scarcely be 
supposed to have taken place more than a thousand years -before the 
present time." 

For a distance of about three miles in front of the Klutlan glacier 
there is a deposit of moraine material perhaps 200 feet thick, composed 
of volcanic ash and angular rock fragments. This evidently fixes the 
position of the glacial front at the time of the volcanic eruption, and the 
amount of recession since that event. It is interesting to note that on 
the present glacier surface the volcanic ash is found only a short distance 
from the end, showing that since the eruption, while the front of the 
glacier has receded about three miles, nearly the whole mass of the 
glacier has been renewed by fresh addition from Its source. 

The single exceptional case already referred to, is the Frederika gla- 
cier, which seems to be advancing its front Instead of retreating. It has 
its source in the high mountains forming the eastern members of the 
Wrangell group, and flows south In a lateral valley, joining the valley of 
the Nlzzenah at right angles. The front of the glacier is parallel with 
the river and about three-fourths of a mile from it, the intervening space 
being a gravel plain. The glacier terminates In a nearly vertical Ice 
cliff about 250 feet high. It is slightly convex, and stretches entirely 
across the valley about a mile in lengtli. The surface of the glacier is 
free from moraines but is extremely rough and broken, unlike the ordl- 
nar}' surface of stagnant ice at the end of a retreating glacier. At the 
foot of the cliff is a small accumulation of gravel and fragments of Ice, 
probably pushed along by the advancing mass.t 

An explanation of this anomalous case is suggested. Ten miles to the 
westward of the Frederika another much larger glacier flows Into the 
valley of the Nizzeuah. Tliis is formed by the union of three separate 
streams, and of these the eastern appears to be retreating much more 
rapidly than cither of the others. But this eastern branch probably has 
its source in the same basin as the Frederika glacier, and it seems not 
impossible that by some means the drainage has been diverted from the 
western to the eastern outlet, thus causing the rapid retreat in the former 
glacier and advance in the latter. 



♦Report on Yukon District, p. 45 U. 

tTliis is the only instance of an advancing irlacier known on the west 
coast of Nortli America. I. C. K. 
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Greenland: Regarding recent changes in the ice sheet of 
Greenland there is but scant}' evidence, and such observations as 
have i>een made on the advance and retreat of the margin of the 
ice are conflicting. Holts found in 1880, between latitude 61 and 
H5° 30', on the west coast, according to Lindahl,* that **the bor- 
der of the ice appeared to have retreated quite recently in many 
places; in others it had decidedl}' advanced." Nansent remarks 
in this connection that we cannot even conjecture what the present 
conditions are, and thinks that the observations show that there 
is no strong tendency either toward.s advance or retreat. Warren 
Uphani,t who has recenth' reviewed the literature relating to the 
Greenland ice sheet, informs me that in his judgment the ice is. 
now slightly increasing in thickness and generally in extent. 
This conclusion rests largely on the general absence of debris on 
the l)orders of the ice sheet. His studies have also led him to 
the conclusion that Greenland, in common with other portions or 
the northeast lK)rder of this continent, is now having an appre- 
ciable increase in cold. 

The observations of those who have traversed the inland ice- 
seems to indicate that nearl}' its entire surface is in the condition 
of a nevo, and suggest that growth and not retreat must l)e in 
progress. The absence of debris on the borders of the ice sheet 
referred to V)y Tpham, is important in this connection, and seems 
to indicate that no great waste of ice occurs before it is discharged 
into the sea. So far as one may judge from the observations of 
others, it seems as if the evidence available points to an increase 
of the ice sheet, as supposed by Upham, but I do not give much 
weight to this conclusion. Dufour, however, in a paper cited in 
the beginning of this essay, is inclined to the opposite conclusion. 
He states that in IHSO he made a communication on the retreat of 
the glaciers of Europe and Asia before a scientific congress at 
Reims, and that during the^discussion which followed one of the 
persons present, who had been in Greenland several times, men- 
tioned that he ^'had noticed that the glaciers of that land had also 

*Am. Nat., Vol. 22, 1888, p. 51): J. 

tFirst Crossing of Greenland, Vol. ii, p. 491. 

JThe conclusions of Mr. Upham are also contained in the following 
papers: — "On the cause of the cold of the Glacial Epoch," Am. Geol., 
Vol. VI, 1890, p. :J:J6; and "The i(e sheet of Greenland,-' Am. Geol., Vol. 
viii, 1891, p. 150: "Criteria of engliK^iul and siibglacial drift," Am. Geol.,, 
Vol. vnr, 1891, p. :}85. 
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retreated eonsidenibly. " It is known that the glaciers of Green- 
land were much more extensive during a former epoch than at 
present, and left records at an elevation of 3,000 feet above the 
present ice surface.* It ma}' be suggested that the observations 
referred to ])y Dufour possibly relate to these ancient records. 

Weitjilt ttf the Evidence: The observations summarized in this 
paper in reference to the Cordillera region, although unsatisfac- 
tory in many ways, indicate with a single exception which seems 
to have a special explanation, that the ice bodies in that region are 
retreating. This conchision not only rests on direct observa- 
tions of several individuals, but is sustained by negative evidence 
as well. An advance of a glacier, especially in a forested country, 
is apt to be strongly marked, and would attract the attention of 
even a casual observer, but in no instance, with the exception 
reix)rted by Dr. Hayes, and the slight extension on the border 
of the Malaspina glacier already mentioned, has a recent advance 
of the glaciers been reported. 

The fact that the glaciers at the head of Yakutat bay have re- 
treated several miles within the past one hundred years, as well 
as the still greater recession of the glaciers of (rlacierbay during 
the same period, indicates the present general recession of the 
glaciers of the Pacific coast has probably been in progress for more 
than a century. During this time there must have been many 
minor oscillations which our imperfect observations do not de- 
tect but the fact that the general movement has been backward 
is well sustained. 

The shrinking of the glaciers of the west coast of North 
America, together with the conclusions reached by Prof. Dufour 
to the effect that the glaciers of both Europe and Asia are reced- 
ing, indicate that the Greenland ice sheet is the only one in the 
Northern Hemisphere which is not now diminishing. 

Climatic changes: The advance and retreat of glaciers depends 
on climatic change. Glaciers, like enclosed lakes, record the 
result of the sum total of climatic changes which favor the re- 
tention of moisture on the land. In general it is safe to assume 
that increased precipitation will favor their growth and a rise of 
temperature lead to their retreat. A general decrease in the 
glaciers of the Pacific coast suggests that other evidence of a 
secular climatic change should be found in the same region. To 

*Am. Jour. Sci. 8rd ser., Vol. 24, pp. 100-101. 
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discover if there is aii\' connection l)etween the retreat of glaciers 
and recorded observations on climatic changes, it would ap|>ear 
that an inspection of the records of mean annual temperature 
and mean annual rainfall, without discussing the causes of these 
changes, would be sufficient. Difficulty in the way of making 
this comparison arises, however, from the fact that in the glacial 
records we have only the general result of a long series of changes, 
all minor features of which are lost: while in the weather records 
sufficient time has not been covered bv the observations to show 
secular changes a century or more in extent, which would Ije 
necessary to reach a satisfactory conclusion. The weather records 
on the Pacific coast did not begin until 18411, and were not made 
at a sufficient number of stations to furnish a basis for determin- 
ing general climatic changes until a number of years later. This 
lack of observations render it impossible to make the comparison 
desire<l. The same proves to be true jtlso on attempting to cor- 
relate the retreat of the glaciers with the weather records of the 
entire North American continent. The onlv conclusion to be 
reached in this connection seems to be that the data relating to 
both the fluctuations of glaciers and to climatic changes an» inad- 
tnpiate for satisfactory comparison. 

Curves showing secular changes in temperature and rainfall of 
the world for more than one hundred years, derived from all 
available weather records, have been published by l>r. Bruckner,* 
of the Tniversity of Berne. The observations of temperature 
embrace the period between ITrJO and lSSr> and show a gradual 
rise during the latter part of this interval. The curve indicating 
rainfall includes the period between 1775 and 1885, and shows a 
gradual decrease towards the i^wd of this period. These results 
seem in harmony with the decrease of the glaciers of Europe and 
Asia anil of the west coast of North America, but how accuratelv 
the curves indicate actual changes in the elements of climate re- 
ferred to it is imi>ossible to say. The general rise in the tempera- 
ture curve, the gradual fall in the curve rei)resenting precipitation, 
towards the end of the periods of ol)servation are probably in- 
fluenced by the varying character of the observations during 
different portions of the period. The corresi>ondence between 
the general retreat of the glaciers in the northern hemisphere and 
the changes in the records of temperature and rainfall referred to 

*PenkV (ieoir. Alihindlunirer, Vol. iv, 18iU>, p. WZW. 
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above may be valid, but it seems to me for various reasons, that 
but little weight shouhl attach to it. 

The comparison of the retreat of glaciers on the west coast 
with th(» rise and fall of the lakes of that region, more especially 
of the enclosed lakes, would l>e instructive, but here again, as in 
the case of the weather records, no records covering a suffi- 
cient h»ngth of time are available. ObseiTations on the rise and 
fall of ( Treat Salt lake show many fluctuations, birt no general 
decrease which is comparable with the retreat of the Cordilleran 
glaciers. * 

The geological records of lakes Bonneville and Lahontan show 
two maxima separated by a minimum, which latter indicates a 
period of desiccation, and followed by a second minimum which 
extends to the present day. The retreat of the glaciers on the 
west coast seems in harmonv with this rex^ord. The desiccation of 
the lakes referred to has accompanied the retreat of the glaciers 
on neighboring mountains, but has been more rapid. It is be- 
lieved that the lakes of the (Ireat Basin had their last maximum 
at the time tiie Sierra Nevada was covered with glaciers. A gen- 
eral decHMise in the* glaciers appears to have accompani(Hl the de- 
siccation of the lakes and is still in progress. 

The r(»treat of the glaci(»rs on the Pacific coast, as shown by 
rough {|uantitative determinations at Vakutat and (1 lacier bays, 
has been in progress for not less than one hundred years. The 
character of the forests about th(» extremities of the glaciers of 
Lvnn canal, show that the ice streams have not advanced bevond 
the barren areas in which they now terminate, within at least one 
hundred and fiftv or two hundred vears. In the case of David- 
son glacier, the barren area intervening })etween the ice and the 
encirclinyr forest is almut half a mile wide. If this retreat was 
accomi)lished within one hundred years it would show that the ice 
foot reccMled at the rate of about two feet per year, t 

Similar conclusions have been reach<»d in reference to other 
glaciers in the same region and, although definite measurements 

♦The fiuctuations of Great Salt lake have been dlBcussed by G. K. 
Gilbert, who shows that they coincide l)ut Imperfectly with observed 
variations in temperature and precipitation in the same region. U. 8. 
Geol. Surv., Monograph No. 1, pp. 230-248. 

tThis is an exceedingly rough estimate for the reason that the breadth 
of the barren area about the foot of Davidson glacier has not been 
measured. The statement that it is half a mile wide is from eye estimate 
simply. 
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are lacking, these considerations show that the retreat has been 
ver}' gradual, and was undoubtedly accompanied by many minor 
changes of which we have no record. The indications are that 
the retreat of the glaciers has been so gradual that it is doubtful 
if ordinary weather observations would be able to detect the 
change, unless carried over a period of several decades, and 
therefore could not be expected to appear in the weather records 
now available. For example, a decrease in the mean annual niin- 
fall of the Pacific coast to the extent of one-tenth of an inch per 
year would, in the time covered by the retreat of the glaciers, 
produce marked results, but would scarcely l)e detected in a series 
of observations covering less than a decade, and even then the 
stations would have to be numerous to allow one to draw definite 
conclusions. Similar considerations hold true also in reference to 
an increase of temperature. 

These considerations indicate that the growth of glaciers and 
the initiation and decline of Glacial epochs, are caused by verj' 
gradual climatic changes which would only become conspicuous, 
SIS climatic changes are now studied, after the lapse of centuries. 

WashiHtfton. I). (\, Fthruavif ,29, 18U:>. 



EDITOIUAI. COMMENT. 



Sir Andrew C. Hamsav, B.vrt. 

With the death of the late director-general of the geological 
survev of (Jreat Britain and Ireland, at his home at Beaumaris (l.of 
Anglesey) on the JUh of December, 18!U, at the age of 77, a con- 
spicuous and long familiar figure disappeared from the geological 
world. A born gc^ologist, hi* needed only the opportunity for 
showing his power and this came during a visit to the Isle of 
Arran (for the benefit of his health, never too strong), through 
accidental contact with ]*rof. Nichol. of (Jlasgow. Mapping and 
modellinjr the island, his work attracted the attention of Murchi- 
son at tile meeting of the British Association, at Glasgow, in 1840. 
Througii his assistance Bamsay was attached to the survey and 
assijrned to South Wales. In 184.') he was made local director 
for Great Britain, which oflice he held until on the death of Sir 
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Roderick Murchison in 1871, he became director general, retain- 
ing the post till 1881. 

To Ramsay geology is indexed for bringing into prominence 
the doctrine of earth sculptnre. In his first paper on the dennda- 
tion of South Wales he showed that * * the existing topography of 
the land has a long and interesting history much of which may 
still be deciphered," This idea he afterwards enlarged in his 
** Physical (ieology and Geography of Great Britain," a series of 
lectures delivered at first to working-men. 

Another of his favorite subjects was the erosion of their beds 
bv glaciers, and the now familiar doctrine of the excavation of 
the basins in which lie many of the lakes so numerous in glaciated 
regions. This doctrine yet retains some value in special cases, 
but it was doubtless pushed by its able author beyond due lx)unds. 
He also was among the first to attempt to establish the recurrence 
of glacial episodes in the distant past, as for example, in the 
Permian and Devonian eras and to make prominent the idea of 
palwontological breaks in the record of life, which he did in his 
addresses before the Geological Society of London in 18()3 and 
18()4. dates which form an epoch in the history of the science. 

In addition to these side issues the results of his direct labors 
may be found in the volumes of the geological survey during his 
directoi*ship. 



REVIEW OF RECEXT GEOLOGICAL 

LITERATURE. 



Tenth Annual licport of the United States Ge^lofjiad Surrey to the Secre- 
tary of the Interior, 188S- 89, By J. W. Powell, Director, Washington, 
1890. Part I Geology, pp. xv, 774 ; with 98 plates, and about 70 figures 
in the text. Part II, Irriga'ion. pp. viii, 123. 

These volunies were distributed to working geologists and libraries a 
few months ago. During the fiscal year reported, an aggregate area of 
43,222 square miles, including parts of twenty-tliree states and territo- 
ries, was surveyed and mapped. The topographic surveys have been 
extended over the whole of Massachusetts, Rhode Island and New 
Jersey ; more than half of Virginia and West Virginia ; approximately 
two- fifths of Missouri, Kansas, and Arizona; a quarter of Maryland and 
Tennessee; and a sixth of North Carolina, Georgia, Alabama, Kentucky, 
and California. About a tenth part of the national domain has been 
thus accuratelv surveved. 
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Summaries of the work, of this survey, and of the present state of 
l^nowledge of North American geologic systems, with correlation of 
formations throughout the country, were in progress of preparation, as 
follows : on the Pleistocene, by T. C. Chamberlin ; Neocene, William H. 
Dall ;■ Eocene, W. B. Clark ; Cretaceous ( including the Laramie ), C. A. 
White ; Jura-Trias, I. C. Russell ; Carboniferous and Devonian, H. S. 
Williams ; Silurian and Cambrian, C. D. Walcott ; Algonkian and 
Arcbtvan, C. R. Van Hise ; correlation by vertebrate pahuontology, O. C. 
Marsh ; correlation by palivobotany, Lester F. Ward ; resum(? of North 
American stratigraphy, W. J. McGee ; and discussion of principles of 
correlation, G. K. Gilbert. Three of these memoirs, by White, Williams, 
and Walcott, have been since issued as bulletins of the survey. 

Professor Pumpelly's report of the progress of his investigation of the 
structure of the Green mountains shows that they consist of compressed 
folds overturned toward the west. The cores of the folds are pre- 
Cambrian crystalline rocks, which are generally hidden. Metamor- 
phosed detrital rocks form the surface, apparently comprising the entire 
Cambriam system and the Silurian upward to the lludson River forma- 
tion. 

In the work of the Atlantic Coast division, under the direction of 
Prof. N. S. Shaler, the morasses and superficial deposits of Massachu- 
setts have been mapped, and are found to exhibit a gradual decrease 
of stratified gravel, sand and clay, and an increase of the areas of till, in 
proceeding from the seal)oard inland to the western and higher part of 
the state : moraines have been discovered in the interior, far back from 
the great terminal moraine which forms the crest of Long Island, and 
the drumlins are found to display diverse degrees of development, the 
least prominent grading insensibly into ordinary sheet till. 

The structure and origin of the Appalachian mountains have been 
studied by Mr. G. K. Gilbert, and Mr. Bailey Willis, and the latter ha* 
undertaken a series of experiments to represent in miniature the folds 
of these mountains by subjecting layers of plastic material to lateral 
thrust. 

Exploration of the rock formations surrounding lake Superior, by 
Prof. C. K Van Ilise, has been extended over a large area, in north- 
eastern Minnesota and northern Wisconsin and Michigan. For the 
extensive series of rocks, supposed to be beneath the Cambrian and 
above the Archjcan, well developed in this district, the name Algonkian 
is proposed. This is another addition to the synonymy of the already 
burdensome and complicated nomenclature of this uncertain horizon In 
the geological scale. 

In the Glacial division, under the direction of Pres. T. C. Cham- 
berlin, work has related to the glacial Lake Agassi/ ; to the terminal 
moraines, and the succession of deposits which make up the general 
drift sheet : the gravels and sands of glacial origin continuing beyond 
the limit of the Ice Incursions In the basin of the Misslsslpl ; trains of 
boulders In Wisconsin ; and the osars, kames, and valley drift in Maine. 
Reports on most of these subjects are nearly ready for pul)licatiou. 
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Dr. A. C. Peale in central ^lontana, has examined a type section of 
the entire Pahcozoic system from the Carboniferous to the Algonkian, 
inclusive, finding every principal division distinctively developed. 

The field work in the Yellowstone National Park, under the direction 
of 3Ir. Arnold Hague, comprised the continuation of observations of the 
geysers, and espec ially the careful study of the Excelsior geyser, which, 
after lying dormant for nearly six years has burst into renewed activity, 
concurrently with the disappearance of several hot springs and small 
streams. The topographic maps of the Park, and the delineation of the 
areal geology, are completed. 

Mr. S. F. Emmons has nearly finished the preparation of monographs on 
the Ten Mile and Silver Creek mining districts in Colorado, and on the 
Denver coal basin. A most interesting formation, underlying the city of 
Denver from which it is named, was discovered during the year covered 
by this report and has been described by Mr. Whitman Cross. It is prob- 
ably of Eocene age, and consists of sediments eroded from andesitic lavas , 
but the situation of the area thus denuded has not been determined. 

In California Mr, 04. F. Becker, spent the greater part of the year in 
surveys of the Gold Belt, tentatively mapping the geologic formations 
of about half of the auriferous region. Well-preserved glacial striie 
have been found on portions of the walls of the Yosemite Valley, and 
on the head-waters of the Kaweah river, farther south than any locality 
previously known. '*IIere, as elsewhere in the Sierras, the ice marking 
is wonderfully fresh. Although the streams are roaring torrents of 
high dedivity they have coiraded but a few feet of rock since the 
glaciers disappeared." 

Mr. .1. S. Diller, in charge of the Cascade division, was occupied 
during most of the season of field work in the collection of speci- 
mens of volcanic rocks from various points of the Cordilleran mountain 
belt, to form part of a series for distribution to the educational institu- 
tions of the coimtry. The number of specimens collected to represent 
each variety of rock in the series, is 250. 

The chief work of Mr. W. J. McGee during the year was the com- 
pletion of his researches on the Pleistocene formations of northeastern 
Iowa. Dr. G. II. Williams was engaged in study of the crystalline 
rocks of the Piedmont region in Maryland : and Mr. L. C. Johnson in- 
vestigated the Tertiary beds of the coastal plain in the southern states. 

This report also reviews the paheontologic work done for this survey 
i)y Prof. Marsh, Dr. Newberry, Prof. L..>\ Ward, Mr. F. H. Knowlton, 
Prof. W. M. Fontaine, Mr. C. D. Walcott, Prof. R. S. Williams, Dr. C. A. 
White, Dr. W. H. Dall, and Mr. 8. H. SScudder ; the work in the chemical 
and physical laboratories by Prof. F. W. Clarke, Dr. Carl Bar us, and 
their assistants: the work of the petrographic laboratory' by Messrs 
Diller, Hague, Iddin.irs, Bayley, and others ; and the work in mining 
statistics, and technology by Dr. David T. Day. 

The total value of the metallic products of the United States, during 
1888 was $256,245,000, of which iron was !|;107,000,000 ; silver $59,000,000 ; 
and gold and copper, each $83,000,000. Among the non-metallic mineral 
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products, wliich had an aggregate spot value of $328,914,000, bituminous 
coal was $122,000,000, anthracite coal, $89,000,000 ; building btone, lime« 
and petroleum, each about $25,000,000; and natural gas $22,662,000. 
Next to these, but far below, are cement and salt, each about $4,000,000. 

The report of the director and the administrative reports of the heads 
of divisions, which together fill 252 pages, are accompanied by three im- 
portant papers, entitled. General account of the Fresh-water Morasses 
of the United States, with a description of the Dismal Swamp district of 
Virginia, and North Carolina, by N. S. Shaler ; the Penokee Iron -bear- 
ing series of Michigan and Wisconsin, by R. 1). Ir\ing and C. R. Van 
Hise ; and The Fauna of the Lower Cambrian or Olenellus zone, by C. 
D. Walcott. Reviews of the rirst and second of these papers were pre- 
sented in the March Geoi^xiist and of the second in vol. viii, p. 82. 

Part II, relating to irrigation, de8cril)es the surveys which have been 
entered upon in the grfat arid region of the plains and of the Cordil- 
leran belt, with its enclosed basins. The topographic work was in 
charge of Prof. A. H. Thompson, and the engineering and hydraulic 
work under Capt. C. E. Dutton. 

Mt, St. EWm and Uh Glaciers. Bv I. C. Russell. The mist which has 
so long enshrouded this mountain has been in part dispelled during the 
past summer by the expedition of Mr. Russell of which he gives an ac- 
count in the American Journal of Science and the NationcU Ocoyrnphic 
Magazine, Though unable to reach the summit on account of bad 
weather, he camped with liis party at an elevation of eight thousand feet 
for twelve days, and made one unsuccessful expedition toward the sum- 
mit, the only one allowed by the weather. Snow also prevented much 
examination of the rocks but he reports them as consisting for the most 
part of brown sandstone and dark shale, with intrusions of diorite and a 
few beds of limestone. The dip is almost invariably to the northeast 
but the thickness could not even be estimated in consequence of crush- 
ing and overthrusts on a i^rand scale. No clue is given to the geological 
date of the rocks, but as specimens of shells yet living in the adjoining 
sea were found in recent strata on the sides of the mountain the conclu- 
sion is reached that its elevation must be very recent. Indeed, Mr. Rus- 
sell says that in his opinion the glaciers took possession of the ground 
at once, leaving no interval for tne action of stream-erosion. 

The hight of the limit of perpetual snow is given at 20OO feet and 
some of the glaciers are fifty miles in length. Many of these unite to 
form the great Malaspina glacier with an approximate area of 1500 square 
miles and lying at an elevation of about 1500 feet. This glacier de- 
bouches on Yakutat bay and the Pacific ocean between which and the 
ice intervenes a wide drift-covered area partly overgrown with timber. 

Mr. Russell calls special attention in his concluding paragraphs to the 
marginal lakes which are formed at the hight of a thousand or fifteen 
hundred feet, wherever the drainage is blocked bv the ice and to the 
deltas and terraces that are formed on the edges by these lakes which will 
be left, he says, high on the mountain side when the glacier melts away. 
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The hight of this mountain which has been so long in doubt has been 
measured by Mr. Russell as closely as was possible with the means at 
his command, and found to be 18,100 feet, with a possible error of 100 
feet. This, with one exception, that of the U. S. Coast Survey, which 
gave 19,500 feet, is the greatest hight that has been assigned to this 
peak. Other estimates have varied from 12,672 feet upwards. Its posi- 
tion as determined by Mr. liussell is just within the U. S. frontier and 
he calls it a corner monument of the national domain. 

Parka deripiemt by Sir J. W. Dawson and Prop. 1). P. PENnALTX)W. 
In a memoir presented to the Royal Society of Canada this problematic 
organism is well discussed by both tliesc writers. Parka so well named 
decipiens has been an object of controversy ever since its first description 
in 1831. Regarded by Dr. Fleming as a seed this view was confirmed by 
later observers, especially by Hugh Miller. Then the opinion was ad- 
vanced apparently by Lyell, that these bodies were the eggs of some mol- 
lusc such as Natica, or of some crustacean such as Pterygotus, the latter 
of which was freciuently found in the same beds. Other writers fol- 
lowing these adopted apparently without original investigation, the same 
view. Having received from Scotland some fresh specimens of Parka, 
these were made the subject of a careful investigation by the two botan- 
ists named, and their deliberate conclusion reverses the latter and recurs 
to the earlier view of their nature. Judging from the statements that 
tliey make, and the figures given therewith, little room for doubt re- 
mains as to the accuracy of this determination. They make the species 
and two varieties media and minor. 

In another pamphlet reprinted from the Canadian Record of Science, 
Prof. Penhallow establishes also on material received from Scotland the 
genus ZnfiUrophyllum witli one spetries Afyretonianmn, found associated 
with Ptirhi decipiena in Devonian rocks, in Caithness. He also describes 
a LycopoditCH (milleri) from the same beds. 

Prof. Penhallow also describes in the same transactions two specimens 
of semi fossil wood from the Post-glacial beds of Illinois. To one of 
these he applies the name Qttercus mnrcynna from Prof. Marcy of Evans- 
ton, who sent him the material and to the other that of Picea evanstoni 
from the place where both were found. The pine occurred in a thin 
layer of peat immediately overlying the boulder-clay, and apparently in 
the place of its original growth. The oak lay at a higher level in sand, 
and had probably been floated to the place. Both trees were in the 
lowest of the three lake-ridges at Chicago, near the spot from which 
some vears ai?o the bones of a mastodon were exhumed. 

Altitudi'H beticcoi Loke Superitr and the Rocky Mountains, By Wakrkn 

Ui'HAM. pp. 221). (Bulletin No. 72, U. S. Geological Survey, 1891. Price 

20 cents ) The altitudes of railway stations, summits, bridges, and low 

And high water of streams are here tai)ulated, with distances in miles 
and tenths, (•om[>iled from the i)rofile8 of about 18,500 miles of railway 

lines in Minnesota, North and South Dakota, 3Iontana, and portions of 
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adjoiDing states, with the entire system of the Canadian Pacific railway, 
and its connections from Port Arthur to the Pacific. Series of altitudes 
along the course of the principal rivers are also arranged separately 
in tabular form, including the lowest and highest stages of the Missis- 
sippi and Missouri rivers, during many years at stations along all their 
course, as determined by the Mississippi and Missouri River Commis- 
sions. The basis of reference throughout is the mean sea level. 

The Viscosity of Solids. By Caul Baiics. pp. 139; with 6 plates, 
and 28 figures in the text. ( Bulletin No. 73, U. 8. Geol. Survey, 1891. 
Price 15 cents ) This treatise is a contribution toward the solution of 
(luestions bearing on the viscosity of rock masses, foll'owing a general 
plan devised by Mr. Clarence Ki?ig. The experimental investigation of 
the viscosity of steel leads the author to believe that he has discovered 
a reliable worliing hypothesis substantially rorroborative of Maxwell's 
theory on this subject. 

Thf Minerals of North Carolina. By Fhederick A. Gextu. pp. 
119. (Bulletin No. 74, U. S. Geol. Survey, 1891. Price, 15 cents.) Since 
the publication of the latest previous catalogue of the minerals of this 
state in 1881, there has been great activity in the development of its 
mining; and by the reopening of old localities and the discovery of new 
deposits, a considerable number of species have been added. The 
author states that " minerals formerly supposed to be rare are now found 
abundantly, and through the recent developments of chemical industry 
even such unusual species as samarskite, monazite ami zircon have 
acquired commercial importance. For example, in response to an in- 
dustrial demand, North Carolina has supplied zircon and monazite by 
the ton, and samarskite by the hundred weight: and the output can be 
increased almo^t indefinitely.*' Many new analyses are presented in 
this memoir. 

lieronl of North Amcrifau deolof/y for 1S87 to ISSO, indnnire By 
Nelson IIoiiatio Darton. pp. 173. ( Bulletin No. 75, U. 8. Geol. 
Survey, 1891. Price 15 cents.) The scope of this record includes Geo- 
logic publications printed in North America, and publications relating 
to North American g<»ology wherever printed. The entries, which are 
all arranged in a single alphabetic se(iuence, comprise authors' names, 
with full titles of separate papers and concise descriptive notes of their 
contents ; titles of journals, state and national government reports, etc., 
under which authors and short titles of the contained papers are given ; 
and subject references, which are geographic, stratigraphic, and mis- 
cellaneous. 

A Dictionary of Altitudes in the United States {second edition). Com- 
piled by Henuy Gannett, Chief Topographer, pp.393. (Bulletin No. 76, 
U. S. Geol. Survey, 1891. Price, 25 cents.) This work contains consider- 
ably more extensive data than its earlier edition, which was published in 
1884 ; the additions being mainly altitudes determined by railroad sur- 
veys. It Is also more convenient for reference, as all the points noted 
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are arranged in a single alphabetic list, instead of the former separate 
groupinu: for each state and territory. 

Trarels Amonyttt the Great And en of tfie Equator. By Edwakd Whym- 
PER. pp. xxiv, 456 ; with four maps, 20 full page illustrations, and 118 
figures in the text. (New York : Charles Scribner's Sons, 1892.) In 
this very interesting narrative of the author's mountain climbing in 
Equador, the geographer, geologist, archa»ologist. meteorologist, botan- 
ist, and zoologist (especially the entomologist), encounter many valuable 
scientific notes. Mr. Whymper found that a stay during several days 
at high altitudes accustomed him to endure the rarified atmosphere 
with less discomfort. Mercurial barometers were used for the determi- 
nation of the great bights of Chimborazo (20,498 feet), Cotopaxi (19,613 
feet), Antisana ( 19,335 feet;, Cayambe (19,186 feet ), and the other some- 
what less lofty volcanic cones of this portion of the Andes. The best 
aneroid barometers were found to be very unreliable at the altitude of 
Quito (0,350 feet), and during all the high ascents, so that they required 
careful comparison with the mercurial column for learning the irregular 
variations in their index-errors. 

The genus Lituites^ Breyn. — Dr. Gerhard Holm publishes in the Pro- 
ceedings of the Geological Society of Stockholm (Vol. 13, pp. 736 et al.) 
a valuable contribution to this genus, especially so far as relates to the 
lobes. He was fortunate enough to obtain some beautifully preserved 
specimens of Z. litnus Mont., L, tenucaulis Rem, and some other forms, 
among which is one new one (L. dUcars). He finds that there are in com- 
plete specimens no less than five lobes, with the exception of X. discors 
Holm, in which there are three lobes, and L. priecurrenSf in which there 
are only two. There is, however, some doubt about this last species, and 
it may probably have to be referred to another genus. 
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/. State and Oorerniuent Repcrtnt. 

Indiana. Department of Geology and Natural History. Sixteenth 
Annual Report. Maurice Thompson, State Geologist. 1888. pp. 472, 
10 plates and Natural Gas Map. Indianapolis, 1889. 

Bulletin of the U. S. National Museum, No. 42. A Preliminary De- 
scriptive Catalogue of the Systematic Collections in Economic Geology 
and Metallurgy in the Museum, by F. P. Dewey, pp. 25(5 with plates. 
Washington, 1891. 

Report on the Coal Measures of the Plateau Region of Alabama, by 
II. McCalley; with a Report on the Coal Measures of Rlount county, by 
A. M. Gibson, Geological Survey of Alabama, pp. 238, with map and 
sections. Montgomery, 1891. 

Geoloixical and Natural Historv Survev of Minnesota. Nineteenth 
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Annual Report, for 1890, by N. H. Winchell. pp. 255 with illustrations. 
Minneapolis, 1892. 

II. Proceedings of Scientific Societies. 

The Journal of the Cincinnati Society of Natural History, Vol. xiv, 
Nos. 3 and 4 contain: Manual of the Paleontology of the Cincinnati 
Group, by Jos. F. James; Description of some Subcarboniferous and 
Carboniferous Cephalopoda, by S. A. Miller and Chas. Fal)er. 

Proceedings of the Philadelphia Academy of Natural Sciences, 1891, 
Part III contains: Notes on some little known American Fossil Tor- 
toises, by Dr. 6. Baur; A new Meteoric iron from Garrett Co., Md., by 
A. £. Foote; Preliminary Notice of some Minerals from the Serpentine 
Belt, near Easton, Pa., by John Ejerman. 



cokrespo:^nDexce. 



The Deltas ok the Mohawk. — Pending further investigation, per- 
mit me to make the following brief preliminary statement relating to 
observations bearing on the origin of the terraces of the Mohawk valley 
and the Iroquois beach. 

The terraces of the Mohawk valley are strongly developed, especially 
along its north or Adironack side. Each terrace is associated with some 
tributary of the Mohawk. More and longer streams enter from the 
north than the south, and they flow down steeper slopes and have greater 
transporting power. Each terrace is built up about the mouth of a 
stream in the form of a delta, as though the stream had entered a lake 
or estuary of still water. In a few instances where there is a consider- 
able distance between the larger tributaries there is no terrace. In 
general, the magnitude of the terraces appears to be proportional to the 
size of the streams which made them. The long heavy terrace below 
Herkimer appears to be the delta of Canada creek, which is the largest 
tributary from the north. This great deposit choked the Mohawk valley 
from side to side for a considerable distance, and was probably the 
agent which turned the river out of its old bed and forced it over the 
rocky ledge at Little Falls a few miles below. 

If these terraces are in fact deltas, then the water in which they were 
made must have been either a lake or a marine estuary. Prof. 3Ierrill 
has already described estuarine deltas along the Hudson from New York 
city to Fishkill, rising toward the north, and then again at Albany and 
Schenectady at an altitude of 840 feet. If the old Hudson marine estu- 
ary reached Albany it was probably continuous witli the post-glacial 
submergence of the Champlain basin. Tn this event it is hard to see 
how the Mohawk valley could have escaped being a marine estuary also. 
If it was, then the great deposits near Albany can hardly have been 
made by the Mohawk, but are prol)ably the delta of the upper Hudson. 
This explanation comports best witli the delta-form terraces of the Mo- 
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hawk which were plainly formed in the same water body. The upper 
Hudson is by far the largest stream descending from the Adirondacks 
and would naturally build a correspondingly large delta. 

At Rome the level of the Iroquois beach projected into the Mohawk 
valley appears to tlnd a perfect continuation in the water-plane in which 
the terraces were formed. If the Mohawk was a marine estuary and had 
free connection with the Iroquois basin on the level of its great beach, 
it seems natural to conclude that the Irxx^uois beach is also of marine 
origin. No doubt a great glacier-dammed lake once tilled the Ontario 
basin and had a river outlet past Home down the Mohawk. But a ma- 
rine invasion of later date may have obliterated its marks and built up 
over them the present estuarine deltas of the Mohawk and the Iroquois 
beach. The fall of 100 feet in the old water level from Rome to Schen- 
ectady is not necessarily the fall of a river, but is probably a part of 
the general northward rise, or a mere local variation. What I have seen 
thus far indicates that the terraces of the Mohawk are estuarine deltas 
and not true river terraces. F. Burslky Tayix)r. 

Fort Wayiity Imh^ April 9, 1892. 

A CorreHion, Note on the Paper on Deconinn Rocks of Buchanan 
County ^ lotca^ in the American Geologist for September^ 1891. — In the paper 
mentioned in the title of this note I made the statement that beds of 
brecciated limestone lie at the base of the Devonian series in Buchanan 
county, Iowa, and that this was succeeded by the Independence shales. 
The Independence shales were originally exposed by putting down a 
shaft in the bottom of what is known as the old Kilduff quarry, near In- 
dependence. In this shaft, beds containing Qyroceras and Gypiilula were 
found immediately overlying the shales, but none of the beds showed 
any signs of being brecciated. Beds of brecciated limestone are ex- 
posed in the bed of the river below the bridge at Independence, and it 
was concluded that since no such beds were found above the shales at 
Kilduff's, the breccia must lie below them. Subsequent observations, 
made more thoroughly and in detail, revealed this state of affairs: The 
Gyroceras be<l8 to a thickness of twenty feet or more, have in general, 
over an area reacliing at least from Fayette to Troy Mills, been broken 
up, and the angular fragments re-cemented to form the ])recciated lime- 
stone so conspicuous at many widely separated points within the Devon- 
Ian area of Iowa. The beds affected were not entirely converted into 
breccia, for it is occasionally found to be the case that over patches sev- 
eral rods in diameter the Gyroceras beds, with their associated layers, 
retain their original position undisturbed. It would seem that the shaft 
at the Kilduff quarry passed through one of these undisturbed patches, 
and so led to the conclusion that the l)reccia exposed at the bridge in 
Independence could not be above, but must lie beneath, the shales. Those 
who are interested will kindly note this correction in connection with 
the article in the Gkologist, Vol. VIII, p. 142. 

A few points liave been found where the shales, by a little diggings 
may be sf^en beneath the breccia. S. Calvin. 
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PERSONAL AND SCIENTIFIC NEWS. 



Topographic Map of the United States. — Mr. Henry Gan- 
uett, Chief of the Topographic work of the United States Surve}*, 
is the author of an elegant suite of maps of the United States re- 
cently printed ])y the survey. Last year he issued a limited edi- 
tion of a large map of the series in nine sheets, which recently 
haye been reprinted in a reduced scale of 30x20 inches upon a 
single sheet. 

The map is intended primarily to show the hypsometric and 
drainage features of our country, with a minimum of political 
features, only sufficient to enable the natural features to he 
locate<l. The altitudes are shown by contour lines printed in 
brown, the streams in blue and political features in black. Va- 
rious editions are issueil showing either one, two or all these 
features, and are artistically and beautifully printed. 

These maps are an inyaluable addition to the cartography of 
our country, not only for their educational yalue, but as appro- 
priate bases for the platting of physiographic and geologic data of 
every kind, and Mr. (lannett has done a service to science by 
their preparation. 

Prof. H. S. Williams, professor of geology at Cornell Uni- 
versity has accepted the chair of geology at Yale l^^niversity. 

Prof. Ja.mes K. Tonn, of Tabor, Towa, has been elected pro- 
fessor of geology and mineralogy at the I^niversity of South Da- 
kota, Vermillion. 

Mr. Robert Etiieriixje, avell kxowx by his paleontological 
labors during many years of active work on the geological survey 
•of Great l^ritain, . has retired with well-earned honors, and his 
place as assistant keeper of the geological department of the 
British Museum has ])een filled by the appointment of Mr. A. 
Smith Woodward, author of the catalogue of fossil fishes in the 
British Museum. Mr. Woodward's name is already well known 
among paleontologists in America, as he visited this country 
about two years ago, and remained for several months. 

AGeolookwl Survey for Towa has been provided for by a bill 
recently passed by the State Legislature. For the support of the 
survey for the next l)iennal period the bill appropriates twenty 
thousand dollars. The Geological Board will consist of the Gov- 
ernor, the State Auditor, the President of the University, the 
President c)f the Agricultural College, and the President of the 
Iowa Academy of Science. 

ft 

A COIRSE OF UNiyEUSlTV EXTENSION TiECTrRES OU World 

Mnlciiifj has been given at Davenport, J>es Moines and Towa Cit}'. 
by professors from the State University of Iowa. The success 
attending these lectures shows that the intelligent public may 
easily become deeply interested in geological problems. 
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THE DOUBLE MOUNTAIN SECTION. 

(Plate VIII.) 

B7 E. T. DrxBLB and W. F Cuxmixs, Aastin, Tex. 

In pursuance of the work of the survey, in making a section 
across the Permian strata of Texas, we left Abilene early in Octo- 
ber, 1889, and traveled north and a little east to the contact of 
the Carboniferous and Permian, on the Clear fork of the Brazos 
in Throckmorton county. From here we turned directly west 
crossing the Permian beds to the Double mountains, where we 
expected to find the contact between the underlying Permian and 
any Triassic or Jurassic beds which might occur, and the overly- 
ing Cretaceous. While we found no Jurassic, the section of these 
mountains is nevertheless of interest, since it is the most northern 
point in this northwestern portion of the state at which the beds 
of the Lower Cretaceous are exposed, and the most easterly ex- 
posure of the Trias which we have been able to recognize. 

The Double mountains are situated in the southwestern corner 
of Stonewall county between the Double Mountain fork and the 
Salt fork of the Brazos, just south of the thirty-third parallel of 
latitude, and in longitude 100° 25'. They consist in reality of 
three peaks or buttes, one of which, however, is so situated with 
reference to the other two as to be invisible on the approach from 
the southwest in consequence of which they have received their 
name. Two of the peaks present the usual butte structure so 
characteristic of the Cretjiceous hills, when capped with the Ca- 
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prina limestone. The third, however, is a true peak in form, the 
hard limestone having been eroded from its top. Lower down 
the different beds of massive gypsum form benches around the 
side of the mountains and the clays which form their bases have 
been washed into innumerable canons which are often entirely 
impassable. 

Salt creek, a branch of the Double Mountain fork, is located 
about four miles east of the mountains. From this creek, which 
is the beginning of the ascent, to the summit of the highest peak, 
is by barometric measurement eight hundred and forty-five feet, 
of which amount three hundred and twenty feet are passed before 
the ascent of the mountain proper begins, giving it an elevation 
of five hundred and twenty- five feet above its immediately sur- 
rounding country. 

Climbing the successive ledges of sand, gypsum, clay and 
limestone until the summit of the mountain was reached, we ob- 
tained a view embracing many miles of the country. It stretched 
out before us gently undulating, open, without timber save here 
and there a scattering thicket of mesquite. The Salt fork to the 
north and the Double Mountain fork to the south wound their 
ways eastward toward their junction as slender threads of yelicw- 
ish red. Very few evidences of settlement were to be seen. On 
the flats were many water-holes filled by the recent rains, and cat- 
tle could be seen scattered here ar\d there in all directions. To 
the south, probably as much as twenty-five or thirty miles, a 
series of flat topped hills were seen stretching along the horizon, 
while to the west, at a very considerable distance, there were 
three or four buttes of similar form to that on which we were 
standing, and which we took to be Mt. McKinzie and its neigh- 
bors. These were backed by the blue scarp of the Staked Plains. 
Kiowa peak, some thirty miles to the north, was invisible. 

GENER.VL SECTION. 

Section of the eastern peak of Double mountain, beginning at the top: 
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^ I 4. Shaly clay, underlaid by red or terra-coita 

< sandstone 1 05 feo*. 

2 ^ 5. Upper Gvpsum beds 0<i *• 

g 6. Middle Gypsum beds 75 '* 

Ch [7. Lower Gypsum beds 185 ** 

CRETACEOUS. 

1. Caprina Limestone. 
The Caprina limestone which caps the mountains has a total 
thickness of forty feet. It is deeply fissured in places, and the 
rapid erosion of the softer underlying materials has scattered its 
debris down all sides of the mountain. In structure, it presents 
the usual characteristics of this limestone and on the surface often 
shows a ferruginous weathering of the Caprina so common in 
western Texas. The rock iu this locnlity contains many Uippurites 
of large size, and the Caprina forms found in it are varied and some 
of them heretofore unknown. They have, however, since been 
found in rocks of the same horizon, in an exposure on Barton 
creek near Austin, and also at other localities in Western Texas. 

2. Comanche Peak Serirs. 
The rocks of the Comanche series are here separable apparently 
into three distinct divisions, the upper of which is a series of im- 
pure argillaceous limestones having an entire thickness of twenty 
feet, the top being much more shaly than the bottom. The fossils 
are very numerous and well preserved, but diligent search failed 
to show a single Grypluea pitcheri in it. The second division \^ 
somewhat similar in composition but more indurated and is of 
a yellow color. Some of the fossils in this bed had been altered 
into calcite. In it we found very ^ew specimens of Gryphoia 
pitcheri. The third division consists of a shaly limestone con- 
taining a great abundance of very small fossils overlying a marly 
limestone, which is in turn underlaid by the Gryphaea conglom- 
erate, which here as elsewhere is almost a solid mass of individ- 
uals of this species. The fossils throughout are abundant and 
well preserved, and correspond in the main with those of typical 
sections farther east. 

3. Trinity Beds. 
Immediately underlying the Gryphwa conglomerate is a bed of 
yellow sand about ten feet in thickness, which at the time of 
making the section was considered as the upper portion of the 
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Trinity sands. It differed, however, from the beds previously 
referred to this horizon in Texas, in the fossils which were found 
in it. These consisted of an oyster which differed from 0. frank- 
Uni Coquand, and is now recognized as a new species, Pleurocera 
stromht'/ormis Schloth, Exogyra texana Roemer, Gryphcea pitch- 
eri Mort. The association of these fossils in this way had not 
been reported previously, and in order to be certain of their ex- 
istence together in the same stratum we dug into the bed far 
enough to prove it absolutely. Since later investigations have 
shown the ^'Alternating Beds" to be a part of the Trinity sands, 
and the fossilifetpus part, and that at their thinning out on the 
northern border the fossils still continue for a limited distance in 
a calcareous sand, this bed would seem to indicate a similar con- 
dition at this locality, and that it should be referred to the '* Al- 
ternating Beds" of the Trinity division. Otherwise it would ap- 
pear to be a transition bed between the Trinity sands and the 
Comanche group. 

Underlying the yellow sand are twelve feet of purple and mot- 
tled sand which are very gypsiferous, and below them we find a 
bed of cross bedded indurated sands. A few bright colored peb- 
bles arc scattered through this bed and seem to be of somewhat 
larger quantit}' toward the base. In this bed are also found the 
botryoidal layers of sandstone so often observed in the same beds 
to the east. 

3a, Triasnc, 

The basal crossbedded sands of tne Trinity rest with slight un- 
eoaformity upon a series of purple, red and mottled sands which 
pass at the bottom into a conglomerate of bright colored pebbles. 
The same bright colored pebbles are found scattered through the 
bed from bottom to top singly and in nests or even forming thin 
strata in places. Although in the original section it was referred 
to the Trinity, the character of the material is now known to be 
idcDtical with that described under the name of Dockum beds 
in the first annual report of this survey, and it is, therefore, 
referred to the Triassic, although we were unable to find fossils 
at the Double mountain locality such as occur in the beds near 
Dockum. 

These beds have a total thickness of thirty-five feet. 

All of the deposits included in the Triassic and Cretaceous have 
a slight dip towards the southeast. 
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4. Pe/rmian. 

Underlying the conglomerate last mentioned but separated by a 
bold unconformity we find five feet of shaly clay dipping toward 
the northwest. It is underlaid bv a red or terra-cotta sandstone 
somewhat mixed with clay toward the top and bedded in layers 
which vary in thickness from one foot to an inch or less. There 
are one or two thin seams of impure limestone imbedded in the 
sand, but although most careful search was made for fossils none 
wee found. 

5, Gt/psnm Beds. 

The red, or terra-cotta, sandstone rests directly upon the upper 
gypsum beds which consist of an upper layer of gypsum under- 
laid b}' yellow and red sandy clays or shales which are much cross 
bedded. Gypsum also occurs throughout the clays. 

6. Middle Gypsum Beds. 

These consist also of an upper layer of massive gypsum more 
than ten feet in thickness, which is underlaid by a series of red 
and blue gypsiferous clays and shales. 

7. Lower Gypstim Beds. 

Massive and shaly gypsum varying in color from white to rose 
rod, underlaid by thin bedded sandy clays and shale with gypsum. 

There was some difference in dip noticed between the three beds 
of gypsum. However, with the amount of detritus which occurs 
on the side of the mountains and the constant suberosion which is 
going on, such appearances cannot be taken as representing the 
true dip of the beds, which all dip probabl}^ to the northwest, 
except the Triassic and Cretaceous which dip distinctly to the 
southeast. 

No beds were found which could in any way be referred to the 
Jurassic and since the accumulation of evidence seems to be in 
favor of the retention of the Trinity in the Cretaceous system in 
spite of the Jurassic affinities of certain of its ostrean forms it 
would seem that deposits refcjrable to the Jura are entireh' want- 
ing in Texas, at least east of the Pecos river. 
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PROF. I. C. WHITE'S "STRATIGRAPHY OF THE 
BITUMINOUS COAL FIELD OF PENNSYL- 
VANIA, OHIO AND WEST VIRGINIA." 

John J. Stkvenson, New York. 

The geologists of the firat geological survey of Pennsylvania 
lalxjred under very serious disadvantages in the western part of 
the state; they had no barometers, not even good Locke's levels; 
much of the country was still wilderness; there were no railroad 
cuttings; even the cuttings made for the turnpikes had become 
covered with debris or sod; coal shafts, except near Pittsburgh or 
some other large city were unknown; records of borings were 
tindreamed of; where twent}' coal pits are open now, there was 
barely one then. Remembering these disadvantages, we are not 
surprised by defects found in the work of the older geologists, 
but we are astonished at the wonderful skill with which the struct- 
ure was worked out and at the accuracy characterizing most of 
the detailed examinations. But too often the distance between 
one good section and the next was so great that identifications 
were sometimes made at hazard, so that a feeling of uncertainty 
prevailed respecting the true relations of d liferent parts of the 
Coal Measures column. 

For this reason, prior to the work of the second geological 
survey of Pennsylvania, great difficulty was experienced in mak- 
ing comparisons of the Ohio, Pennsylvania and West Virginia 
sections; Newberrv made identifications of the lower coals of 
Ohio with the lower coals of Penns3'lvania; the writer did the same 
for the upper coals of those states ami otfered some suggestions 
respecting the relations of the West Virginia beds to those of 
Pennsylvania. The groupings and identifications were quite as 
good as could be expected under the circumstances; for which 
reason, doubtless, they have been permitted to rest in the peace 
of oblivion for about twenty years. But the excellence of the 
work \lone by the older Penns^'lvania geologists as well as by 
those of the Ohio survey was discovered when the 2d Pennsj-l- 
vania survey undertook the correlation: for, after Prof. 1. C. 
White had completed the work along the state line and had cor- 
rected the defects in the work of those who had preceded him, he 
found no difficult}' in utilizing the material gathered by his pre- 
decessors. His memoir, lately issued as a bulletin of the U. S. 
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geological survey, is merely a more extended bit of work like 
that done for the Ohio state line in Pennsylvania. 

This s^'nopsis of the bituminous coal field is no mere com- 
pilation. Prof. White's work began in 1875, when, as the writer's 
aide on the 2d Pennsylvania survey, he worked out the highest 
rocks of the Appalachian area, and secured the knowledge which 
has made him an authority on the series above the Pittsburgh 
coal bed; afterwards he unraveled the tangle along the state 
line; his economic investigations in later years compelled the 
underground tracing of the beds in oil-borings and the study of 
outcrop lines and cross sections in West Virginia far more in de- 
tail than could be required under ordinary conditions. To utilize 
his material it was necessarv to connect with the Ohio survev and to 
make use of its work. The compact statement before us presents 
the summary of facts obtained during fifteen years of h^ld work. 

The author's division of the Carboniferous into 

Upper, with alternations of fresh and hrackish water, 
Mi(i(ile, with alternation of marine and freshwater conditions, 
Lower, wholly marine. 

answers well for the greater portion of the Appalachian area and 
appears to answer, with rare exceptions, for the region under con- 
sideration, the only exception being in southwestern Pe<;insyl- 
vania, where marine fishes found their way far north at a late date; 
but this cannot be regarded as militating against the general con- 
ditions described b}' Prof. White. The memoir treats only of the 
Upper and the Middle Carl)oniferous, wnich are divided into; — 

XVI. Permo-Carb(miferou8—Dunkard Creek series. 
XV. Upper Coal Measures — Monon ahela River series. 
XIV. Barren Measures— Elk Uiver series. 
XIII. Lower Coal Measures — Allegheny River series. 
XII. Pottsville Conglomerate. 

The line between Middle and Upper is drawn almost midway 
in XIV, the Lower Barren Measures of the older geologists. The 
grouping is that presented by the Rogers brothers more than half 
a century ago. 

A chapter is devoted to each series, in which Prof. White gives 
a resume of characteristics of the series as a whole, which is fol- 
lowed by vertical sections, so numerous and in such detail as to 
leave no room for doubt as to the accuracy of the identifications. 
The last portion of the chapter describes the more important mem- 
bers of the series. 
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The discussion of the Permo-Carboniferoii^ is based chiefly on 
studies made in Pennsylvania and West Virginia, the references 
to Ohio sufficing merely to show the extent of the area in that state. 
The remarkable flora in the roof shales and partings of the 
Waynesburgh coal bed in southwest Pennsylvania and the northern 
part of West Virginia is briefly described. It was determined by 
Fontaine and White, who showed its intimate relation to the Per- 
mian flora of Europe. The exact relation of this upper portion 
of the Appalachian column to the section west from the Cincin- 
nati axis has yet to be determined; and the problem is compli- 
cated in many ways. The writer is inclined to think that the 
Permo-Carboniferous beds of southwest Pennsylvania are con- 
temporaneous with the upper part of the Upper Coal Measures 
within the Mississippi-Missouri region as well as with the Permian 
of Texas. Long after the appearance and after the practical dis- 
appearance of this flora within the Appalachian region, an incur- 
sion of the sea brought Khizodus from the outer oco^in, so that 
scales of that flsh are abundant in the shales accompanying the 
Blackville limestone at 120 feet above the Waynesburgh coal bed. 
But this in no wise atfects the cardinal point in the case; the pres- 
ence of the plants attests that a portion of the Upper Carboniferous 
in this urea is contemporaneous with the Permian of Europe, in 
so far as the testimony of plants can be taken in detail respecting 
a time when passage from the old into the newer had begun. So 
that now, there ciui be no doubt that our American Carboniferous 
represents the whole of the age as known in Europe, though, ap- 
parently, no change occurred in the American ocean or seas such 
as to justify the separation of the Permian as a distinct division 
of equal importance with our lower or upper Carboniferous. 

Prof. Whites grouping of sections shows noteworthy variations 
in the southern limits of the principal beds of the Upper Coal 
Measures. The southern limit of the Pittsburgh and Waynes- 
burgh pmcticall}' forms a northward loop around the Volcano 
anti-cline, so well known as the line along which oil wells have 
been productive in West Virginia and Ohio for more than twenty- 
five years. The series is persistent here but the coals are want- 
ing. The sections of the Lower Coal Measures show a similar 
east and west loop in the Upper Freeport extending from Law- 
rence count}' of Kentucky into Raleigh county of West Virginia. 

The Barren Measures receive careful treatment; the description 
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shows remarkable uniformity of the general conditions over a 
great area, for the total thickness varies little in the southern 
counties of Pennsylvania and for a long distance southward in 
West Virginia; while the more important beds are as persistent as 
similarly important beds in the Lower Coal Measures; at the same 
time the thickness of intervals and the character of the rocks 
filling them show changes more abrupt and more striking than can 
be observed in any other portion of the column. 

The details respecting the Lower Coal Measures and the Con- 
glomerate Measures are of the utmost interest ; some of the iden- 
tifications in West Virginia are startling, but there seems to be no 
ground whatever, for taking exception to their accuracy. Nearly 
all of the material respecting West Virginia is new. 

But it is impossible within the limits of a notice to give a 
synopsis of a memoir, which is itself synoptical, a series of pre- 
sentations rather than a series of discussions; so that those in- 
terested in the bituminous area must be referred to the memoir 
itself. Those who have much to do with economic work will find 
this a more than useful handbook to expedite their explorations; 
those who have made careful studies in detached portions of the 
area will feel grateful for the systematic joining of those portions, 
even though it be done at the sacrifice of some cherished conjec- 
tures. Prof. White's treatment of his colleagues in this field is 
sufficiently comforting; he has ignored our faults and has ob- 
served our virtues — more than ouce to the extent of labeling good 
work of his own with the name of another. 



NOTE ON THE DIFFERENCES BETWEEN ACER- 

VULARIA PROFUNDA HALL, AND ACERVU- 

LARIA DAVIDSONI EDWARDS AND HAIME. 

By S. Calvin, Iowa I'ity. 

The original description of Acervularia profnnda Hall is found 
in Hall's Report on the Geological Survey of Iowa, published in 
1858. The specimens on whicb the species was lounded came 
from near Independence in Buchanan county, Iowa. In the same 
report professor Hall, not without some hesitation, identifies an- 
other form found abundantly throughout the Devonian area in 
Iowa, with Acfrvnlarui thicidsoni Edwards and Haime. This, so 
far as I have been able to ascertain, was the first time the name 



356 The American Geologist. June, isw 

had been emplo^'ed in a work published in America; for although 
Edwards and Haime's specimens came from near Jetfersonville, 
Indiana, the description of Acervnlaria davidsoni appeared in the 
great monograph of the authors, published in France. 

It should be noted that near Jetfersonville, Indiana, there oc- 
curs another form which authors, following the example of Ed- 
wards and Haime, usually refer to CyathophyUum rugosum Hall. 

The three species mentioned above, as recognized by every one 
who has handled them, are somewhat closely related. Dr. Rom- 
inger in Geology of Michigan. Vol. in, page 107, is disposed to 
regard them all as but varieties of one species. The Acercularia 
dacidsoni, as it occurs in Iowa is somewhat sharply defined 
from either of the other two, while A. profunda exhibits a very 
intimate correspondence as to structure with (Jyathophyllum rugo- 
sum from the falls of the Ohio. 

Comparing A. profunda with A. davidsoni we may note that it 
differs in the appearance and mode of growth of the corallum, in 
the greater tendency to independent grow h of corallites, in the 
size of the corallites, the shape of the cal^^x, the thicker, non- 
corrugated wall by which the individual corallites are bounded, 
the almost entire absence of an inner pseudo-wall defining a cen- 
tral area, and the thinner septa with more numerous and more 
conspicuously developed carina?. 

The .1. jprft/nndn IS a much coarser looking species than A. 
dfitidsfHii. Its lower surface is never as smooth and flat as is 
that of most coralla of the other species from Iowa. This sur- 
face is traversed radially b}' the outer corallites which stand out 
as strong transversely wrinkled ridges, sometimes almost entirely 
free from union with contiguous corallites. All the corallites 
sliow a remarkable tendency to independent growth, so that in 
some specimens a large proportion of the whole number of cor- 
allites stand apart on the upper surface of the corallum from those 
adjacent^ and are individually covered externallj' with an inde- 
pendent epitheca. In certain modes of preservation the corallites 
are even separable into wrinkled, polygonal prisms that exactly 
imitate a very common condition in Cyathophyllum rugoaum. 

In the region from which Hall's type comes, the corallites of 
^-1. profunda are on the average somewhat larger than those of A, 
davidsoni. It is true that the corallites of both species vary with- 
in very wide limits, an I it is therefore quite possible that the 
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superiority in size of A. profunda may not be maintained in all 
localities. In the Paleontology of Ohio, Vol. ii, page 240, Dr. 
Nicholson describes a form under the name of Acervahiria pro- 
famhi Hall, that is distinguished among other things h\ having 
the corallites smaller than in ^l. davldsmii. 

The shape of the calyx is markedly different in average speci- 
mens of the two species. In .4. profunda the calyces are sepa- 
rated by relatively thin partitions owing to the manner in which 
the sides of the cup slope abruptly downward and inward from 
the margin; the septa are thin and have conspicuous, crowded 
carinas which are as fully developed near the margin of the calyx 
as around the central area, particulars in respect to which they 
are in marked contrast with the septa of A. davidsoni. The 
septa differ still further from those of ^4. dnn'dsoni in having more 
of their edges free and in having their pdges beautifully dentic- 
ulated. There is but little thickening of the septa to form a 
pseudo-wall around the central area; indeed this feature is, in a 
very large proportion of cases, wholly wanting. The secondary 
septa are nearly as long as the primaries and often become coa- 
lesced with the primaries inside the central area. 

Acernilan'a davidsoni Ed. and H., has a much wider geo- 
graphical range in Iowa than ^4. profunda Hall. The area in 
which A. profunda occurs is nearly all included in parts of Buch- 
anan and Black hawk counties, while the area over which the 
other species is distributed is many times greater. As pointed out 
in the Geologist for September, 1801, .4. profunda is not associated 
in the same beds with J. davidsttni^ but occurs uniformly at a hori- 
zon a few feet lower. Outside the area occupied by .4. pntfunda its 
place seems to have been taken by Phillipsastrea yigas Owen. At 
least this last species, while never very common, occupies the same 
relative position a few feet below the horizon at which A. david- 
soni is found, and so far as known it is not present in the region 
in which A. profunda attains its maximum development. 

With respect to the particulars in which A. profunda differs 
from .4. davidsoni it agrees essentially in structure with Cyatho- 
phyllum ruyosum of authors, and it may therefore be regarded as 
the western representative of the last named sjKJcies. If cari- 
nated septa have any generic significance, then Cyathophyllum 
rugosuni is certainly not a Cyathophyllum at all. Whatever may 
be the signiticanco of the carina: and other peculiarities of struct- 
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ure, C. fugnsuia and A. profunda must ultimately stand side by 
side in the same genus. 

Acer V aid ria dacidsoni stands somewhat apart from both of the 
foregoing species in a number of particulars. The calyces have 
a sharply defined central pit with explanate margins. In typical 
specimens the floor of the calyx, except in the central pit, is 
almost on a level with the margin ; the septa are thick, scarcely 
denticulated, with but a small portion of their edges free; the 
carinae are few and clumsy and chiefl} developed in the region 
immediately surrounding the central area. Around the edgo of 
the central area both primary and secondary septa are conspicu- 
ously thickened, the carinae are also developed there better than 
elsewhere, the effect being to produce in polished sections the ap- 
pearance of a bi-areal coral with a central area bounded by a defi- 
nite inner wall. Under the magnifier this wall is never complete. 
The thickened septa and strongly developed carime never quite 
coalesce, so that the outer area is never, as in true bi-areal corals, 
perfectly shut off from the central space. At the margin of this 
central space the secondary septa all end more or less abruptly, 
and only the primary' septa are continued as thin non-carinated 

lamellae into the central area. 

Acer valft ria dacidsoni is certainly con-generic with some of the 
species referred to Avervularui by Kdwards and Haime and other 
authors. Whether or not it is genericall}^ related to the type 
species of the genus may be left an open question. So long a& 
genera arc mere artificial creations, without sharply defined nat- 
ural boundaries separating one from another, it will do no violence 
to facts, but will be a mattei of convenience and at the same time 
give effect to a recognizable structural difference, if we keep ^4. 
da lid son i apart from typical forms of the genus Cyathophyllum ^* 
antl for the present at least retain it in the genus Acerndaria, 
Along with ^1. dfuidsfnii must go Aeercidaria iueqaaiis Hall and 
Whitfield. Simply as a matter of convenience, "but with less con- 
fidence as to the justness of the arT-angeraent, we may add to the 
recognized species of Actrcularia the A. profunda Hall, and the 
CyatkophyUum rugosam Hall, as recognized by so many authors. 
The last two may yet, with perfect justice, be separated generic- 
ally from ^4. davidsnni. 

*l)r. iJoiniiiger aiui >fr. W. .1. Ojivis place luid and related sp cies un- 
d**r ttie i^eniH (Jifntlun>:iylliun. See Ge^dogy of Michigan^ WoLWi ^ and 
Koutnv.ky Futatu Voralif. 
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THF KAWISHIWIN AGGLOMERATE AT ELY, MINN. 

N. H. WiNCHBLL, Minneapolis. 

It nas been stated that the gneisses and schists of the Archaean, 
in Minnesota, terminate upwardly by a great non-conformity with 
the overlying Taconic. It has also been shown that the upper- 
most member of the Archaean is the Keewatin, a series of schists, 
graywackes and variously reconstructed gneissic rocks. It has 
been shown, further, that the youngest member of the Keewatin 
is the pronounced * ^greenstone" stage, in which occur the iron 
ores of the Vermilion iron range in Minnesota. This phase of 
the Keewatin has been designated specially Kawishiwin from the 
Kawishiwi river, on whose upper courses these rocks are exposed 
in favorable position for study. It has also been shown that 
these rocks have been subjected to great pi^ssure, upheaval, 
shearing and fracture, resulting in very tortuous structures and 
complication of physical features. 

It has been a subject of much study and no little variety of 
opinion, as to the origin of these greenstones, — are they plutonic 
rocks that have been subjected to **dynamic metamorphism" and 
thus caused to show the semi- decayed conditions that mark their 
mineral constituents, or are they sediments consolidated or 
**metamorphosed" so as to have lost their original structures and 
composition? Or, again, are they the result of a **crenitic" pro- 
cess, as suggested by the late T. Sterry Hunt, by which they are 
the reliquiae of mineral waters circulating through the crust of the 
earth, left at the surface on evaporation? Or are they the rem- 
nants of the primary basic doleritic crust of the earth, produced 
by the solidification of the primeval molten mass? 

Thev arc not the remnants of the first cooled doleritic crust be- 
cause they^ are younger than all the other stratigraphic parts of the 
Archffian. They are separated by many thousands of feet of strata 
from the basal gneisses which are called distinctivel}' Laurentian. 

They arc not **cfenitic" recks, if the acid basal gneisses are 
crenitic, for they contain in predominating amounts those very 
elements which are first and easiest dissolved bv heated waters, 
and which could not be left as reliquiae on evaporation — and also 
because in order to form (hese and the acid hasal gneisses there 
would have to be a reversal of the respective solubilities of the acidic 
and the basic minerals concerned, between the date of the forma- 
tion of the gneisses and the date of the greenstones, which is 
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rounded grains of quartz. The microscopist makes his rejoinder 
that these remnants of stratification are illusive, due to dynamic 
metamorphism, and the quartz grains are of secondary origin. 
He further cites, as evidence of dynamic agencies in the origina- 
tion of those structures, the semi-decayed and broken condition 
of the other minerals. There are curious fractures in some of the 
mineral grains. They appear to be * 'streamed" out in the direc- 
tion of the schistosity. The feldspars are saussuritized, the horn, 
blendes are chloritized, the augites are converted by a well known 
alteration to hornblendes, the micas are hydrated and the men- 
accanite is changed to leucoxene. A dynamic metamorphism has 
produced a degradational change throughout the whole rock. 
This indicates that while the materials had originally unquestion- 
ably an eruptive origin, as denoted by their identity with other 
changed known eruptive minerals, they have been subjected to 
some grand force or forces of pressure and shearing, which have 
wrought a profound alteration in them, bringing them a step, or 
a long march, toward decay and disintegration. The microscop- 
ist admits that his well-known and infallible guides are wanting. 
He sees nothing, or very little, of the **diabasic structure," and 
the freshly crystalline interlocking of the constituent grains which 
characterizes an unquestioned eruptive rock, is almost entirely 
wanting. His title therefore, as it is not based on characters 
which known plutonic rocks possess, but on others which he as- 
sumes to be due to another and a later cause, is defective, and he 
has to admit it. If the features which the interior of the rock 
exhibits can be ascribed to neptunio forces, as claimed by his 
opiX)nent, the case is still a drawn game, unless there are inherent 
faults in the reasoning of one or the other — such that they can 
be pointed out and demonstratecl. 

The purpose of the foregoing is to introduce a peculiar feature 
seen by the writer at Ely, on the Vermilion iron range, in Min- 
nesota. The country rock here is the characteristic greenstone of 
the region, massive, shapeless, rather light-colored, embracing 
scattered grains of free quartz so as to present sometimes a rough 
and harsh exterior on weathering, and having a gradual transition 
northward across the formation, first into a green schist, then into 
graywacke and lastly into a sericitic schist. AVith this transition 
there is developed a sedimentary structure which in its final con- 
dition is undeniable, the schist element becoming interbedded 
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with regular siliceous layers which fade out and increase across 
the bedding in the manner of sedimentary alternations in any 
paleozoic rock. In the midst of this prevalent greenstone appears 
a spottedness, revealing included rounded masses of rock quite 
like the greenstone itself in general aspect, some of the rounded 
masses being from 6 to 10 or 15 inches in diameter. They are 
densely packed together, but make up the mass of the rock. Such 
characters have been seen in many places in northern Minnesota, 
and are particularly developed in the Ogishke conglomerate ; which 
really runs many miles in this formation, and can be traced from 
Ogishke Muncie lake to and beyond Tower. It is in the midst 




of this greenstone agglomerate that the jasperoid iron ores occur 
throughout the Vermilion range. This agglomerate passes by 
easy transitions into real conglomerates, but in that case the peb- 
bles are smaller, and are also sometimes much more siliceous. 

At a small railroad cut within the town limits of Ely, a few 
rods west of the Chandler mine, these rounded masses are con- 
spicuously displayed, by reason of the dome-shaped form of the 
exposed rock, and the uniform glaciation which has left the sur- 
face planed off, revealing distinctly the forms of the lx)ulders or 
bombs. This cutting was seen soon after the construction of the 
railroad, and has been inspected several times since. On one oc- 
casion a drawing was made which is reproduced above. This 
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shows the upper surface of the natural rock as it appears after 
the glacial planing, and includes a surface about five feet long. 

The rounded forms are encased in a darker green and evidently 
somewhat chloritic, fine-grained schist, which winds about among 
the rounded masses, its fibrous structure coinciding in direction 
with the surfaces with which it is in contact. This green schist 
cannot be distinguished from that which is common at all of the 
mines of the region and which ordinarily constitutes the country 
rock about the Tower mines. It is presumable that there are 
places in this agglomerate where this green schist is lacking, and 
the rounded masses are in absolute contact, but the drawing,, 
rather hastily made, was designed to bring out the appearance of 
the pipe-shaped, calcite-filled, amygdaloidal structure, and this* 
point was neglected. The rounded bodies here represented are 
not evidently of igneous rock, but rather approximate that indef- 
inite greenish rock styled porodyte by Dr. M. E. Wadsworth. 
They contain no evident free quartz,* neither do they contain 
per 86 anything else that is evident. They are referable to a con- 
solidated pulp made up of comminuted grains of eruptive rocks 
but having evidently a greater per centum of silica than ordinary 
basic cruptives. A few fine p^'rite cubes are discoverable, and 
on being powdered the rock has a quick, slight etfervescence with 
hydrochloric acid. The stones have a pale, dun-green color, are 
very fine-grained,, and might, with a broadened significance to 
that term, be called felsyte. They lack evidently the orthoclastic 
element which is essential to true felsvte. 

The most remarkable character of this singular rock is yet to 
]>c described, viz: About all the peripheries of these rounded 
masses of porodyte are tubes, standing perpendicular to their 
surfaces and separated, on an average, about one-quarter of an 
inch from their neighbors. These tubes, which are normally 
filled with calcite, arc sometimes more than an inch in length, but 
most frequently are less than an inch. They stand perpendicular 
to the bounding outer surfaces of the rounded masses. They do 
not enter at all, or but slightly, into the darker green schist which 
is wrapped about the masses. They are approximately circular 
or pipe-like, and their diameter is about two millimetres. Some 
of them, however, are a little zigzag, and roughened in their inner 

*In one instance a siliceous pebble, about one-eighth of an inch la 
diameter, is seen embedded In this porodyte, ia specimen No. 1624. 
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surfaces. This is revealed by fractures across them after the calcite 
has weathered out, which is the case in many instances. While these 
tubes are generally simple, and approximately round in section they 
are not always so, but they flatten out for a short space and return 
again to the pipe-stem shape, and sometimes they branch, or coalesce, 
and so far as observed they branch like a plant upwardly, or out-, r 
wardly, *. e. toward the exterior surfaces of the rounded masses. 

Calcite is also common in the green envelope which surrounds 
these masses, but it is arranged in flattened, thin, lenticular 
sheets conformable with the fibrous structure of the schist, and 
hence in general position it is perpendicular to the position of the 
tubes. Associated with it, in the green schist, is a noticeable 
amount of bright pyrite in fine cubes. 

In the interiors of the rounded masses also can be seen irregu- 
lar deposits of calcite. All this calcite is coarsely crystalline 
and firm, with hardness rather above the normal. 

The interest which attaches to this rock centers in these tubular 
passages that converge from the outer surfaces of the rounded 
masses, and penetrate the latter to the depth of an inch, more or 
less. There is no exception; they are all marked with the same 
structure. The rounded masses are undistinguishable as rocks, 
from the rock al)out Ely. It has been supposed that such accum- 
ulations were agglomeratic, i. e. , that the rounded masses were of 
the nature of bombs thrown from volcanic vents, falling in an ad- 
jacent or surrounding ocean. It has been supposed that the light 
green country rock, in the midst of which this structure appears, 
is the result of oceanic solution and levigation on volcanic eject- 
amenta. Such ash and cinder when brought into contact with 
hot, or tepid, or even with cold, oceanic waters would easily be 
reduced to a non-differentiated pulp, from which some of the alka- 
line ingredients, being more soluble, would be removed, leaving 
the residue somewhat more siliceous. Upon consolidation a rock 
something like the greenstone seen at Ely might result. 

On the other hand, as already stated, it is claimed by micro- 
scopists who have inspected such greenstones, that they are **al- 
tered eruptives,'' and that dynamic metamorphism has been the 
process that luus effected their reduction to this condition. 

It seems, however, that these peripheral tubes show that these 
rounded masses were suddenly immersed in an element which 
differed in temperature and pressure from that to which they had 
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been accustomed. They show that this rock was not a congealed 
plutonic mass, for such a mass could not acquire an amygdaloidal 
structure, except when it becomes volcanic. It is only when 
there is a sudden release of surrounding pressure that the con- 
fined gases of igneous rocks gain relief from their confinement, 
or that some of the confined substances manifest their volatility, 
forming scorise and amygdaloids. Was the element into which 
these were ejected, and which caused the rapid escape of gases, 
and then their rapid solidification, simply atmospheric air or was 
it oceanic water? If it had been atmospheric air then the sur- 
rounding rock, viz. , the whole of the greenstone of the region was 
also ejected simply into atmospheric air and solidified under sim- 
ply atmospheric conditions. Not having been since submerged, 
at least not having been since rewrought, it would have in that 
case to show not only many evidences of perfect igneous or 
**diabasic" structure, but it would have to exhibit about the same 
variations — barring the effect of greater time — as to stratification, 
texture, composition, etc. , as can l>e seen in volcanic rocks of 
recent or Tertiary time. It could hardly shade oflf into the evi- 
dently sedimentar}' rock, having very nearly the same aggregate 
composition, seen but a short distance further north along the 
shore of Long lake, and it could hardly constitute a belt from 5 
to 10 or 15 miles in width, Mng always in the same stratigraphic 
position in the Archtean, and running, in accord with the strike of 
the rest of the Archjean, as well as substantiall}' with that of the 
Taconic (which admittedly are governed by continental increments 
us the oceanic areas receded) for a distance of one hundred and 
fifty miles. 

If on the other hand these bombs, torn from some portion of 
the already hardened super-crust by the loosening action of vol- 
canoes, were hurled first into the air and fell into the ocean, all 
the structural, as well as all the microscopic characters which 
have been mentioned, might have been the result. The forma- 
tion in which they are found would be amenable, as it is, to the 
geographic distribution and stratigraphic position which all oceanic 
formations are found to possess. They would have been buried 
along with other finer volcanic ash and cinder in the waters of a 
hot or tepid ocean. Such waters would rapidl}' destroy the 
characters of the usual minerals found in volcanic ejections. 
There would result secondary minerals, such as chlorite, sericite, 
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saussurite, leucoxene, serpentine, hornblende, etc., and these 
would, in some places be consolidated into rock which would 
possess many of the characters of an altered igneous rock, but 
would manifest more or less evidently the stamp of the ocean. 
There would be occasional foreign ingredients, particularly rounded 
quartz grains, and there would be in many places a fine intermix- 
ture of chemically precipitated silica, or perhaps of {chemically 
precipitated oxide of iron, the last two uniting to form the well 
known jasperoid hematites. Again there would have to be many 
places, as there are, where the resultant rock would be very fine- 
grained, the ejecta having been totally disintegrated ^and reduced 
to a pulp or volcanic mud. When this accumulation was rapid there 
could be but little opportunity for the formation of characteristic 
sedimentary structures, but when it was slow the most evident sed- 
imentary banding would result. There would be many places where 
the non-stratified would gradually acquire a stratified structure. 

If we attempt therefore to effect such a compromise between 
the opposing disputants as the facts seem to warrant, we have to 
allow that the stratigraphist has a show of reason in insisting that 
oceanic structures permeate these greenstones, although the sedi- 
mentary banding is sometimes wholly wanting over large areas. 
We also have to allow that the nature, in general, of the minerals 
contained in these rocks is such as only igneous agencies can ex- 
plain. In other words we must grant the chief contention of 
each party. The source of the rocks was igneous, but their 
structure is aqueous. 

The recognition of this joint agency of oceanic water and 
igneous action in the production of these ambiguous rocks relieves 
the physical geologist of some rather severe strains of imagina- 
tion as well as of dynamic laws to which, without such recogni- 
tion he is compelled to resort. For instance, he has not to con- 
jure up some hypothetical force through which he can explain, if 
he adhere to their sedimentary origin, the conversion of these 
**sediments" into a rock quite unlike ordinary sediments, and the 
absence of the usual structural characters. He has not to assume 
if he adhere to their igneous origin a semi -metamorphosed condi- 
tion or any chemical change capable of converting a vast thick- 
ness of rock, situated at great depths in the crust, from a siliceous 
to a semi-basic character, nor vice versa. It has been gravely 
asserted by some extreme advocates of * ^alteration" that the 
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rocks of the crust may undergo and have actually experienced, 
such profound changes in average chemical composition that their 
original minerals may be entirely lost. Sometimes there is hy- 
pothecated a <*8ilicification," and sometimes a desilication. The 
most basic rocks have been viewed, in some of these critical 
epochs of mythical metamorphism, as converted, by a substitu- 
tion of * ^secondary silica" for the typical minerals of the supposed 
original basic eruptive rock, to a quartzy te, or to a quartz dioryte. 
Oabbros* have been imagined converted to quartz syenites, and 
the details of the process of such transition have been ingeniously 
imagined and illustrated. Quartz, the most insoluble of the rock- 
making minerals, has been supposed to have been conveyed into the 
minutest interstices of these rocks to the depth of hundreds or 
thousands of feet, there taking the places of some of the original 
minerals which, by a reverse but no more mythical chemical 
transformation, were removed by the same waters, or at least by the 
:same process. Again the geologist has not to resort to "dynamic 
metamorphism" by which to account for the shattered and partly 
disintegrated or degraded condition of the minerals of the green- 
stones. It is at best only a misuse of the term metamorphism to 
apply it to such a change, and it may be considered questionable 
whether the cause which dynamic metamorphism invokes would 
not produce a directly opposite effect. It is usually supposed that 
pressure and crushing and shearing develop heat, and thus tend 
toward the building up of the crystalline outlines and the 
strengthening of the chemical bonds, in the minerals affected. It 
appears to some geologists not only a misnomer, but a mistaken 
apprehension of the effect of dynamic forces to attribute such 
features to pressure and shearing and plication, and to call it 
* 'metamorphism." Such outre hypotheses can be shaken off the 
mantle of the speculative physical geologist, if he allow the building 
up of these rocks, as above suggested, through the cooperating, 
simultaneous action of oceanic waters and volcanic eruption. 



A NEW SPECIES OF LARIX FROM THE INTER- 
GLACIAL OF MANITOBA. 

By D. P. Peniiallow, F. R. S. C, F. R. M. S., McCJill University, Montreal. 

Two specimens of fossil wood were recently received from 
Manitoba, the one from Mr. G. Elliott, of Guelph, Ontario, the 
other from Mr. J. B. Tyrrell, of the Geological Survey. The first 
was admirably preserved, and upon boiling with carbonate of 
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soda was readily cut by a microtome. The structure was found 
to be almost wholly intact and the effects of compression slight, 
so that there was no difficulty in determining . its characteristics. 
The second was more fully impregnated with silica, so that some- 
what pix)longed treatment with carbonate of soda was necessar}'. 
Even then, there were localized siliceous bodies which offered 
some obstruction to the action of the knife. The structure was 
found to be fairly well preserved, and there was little change re- 
sulting from compression and distortion. The most marked gen- 
eral change in this, as in the first, was in the very strong develop- 
ment of striation on the cell walls. Little difficulty was ex- 
perienced in determining the various structural characteristics, 
though there were numerous localized areas of decay and siliceous 
deposit where the structure, had pretty completely disappeared. 
This was notably the case in the medullary rays, which, upon ex- 
posure in tangential section often showed complete obliteration of 
structure, indicating that the progress of alteration first proceeded 
along the course of these structures, while it was also noticed 
that fungus hyphse penetrated first into the tracheids, following 
the course of their longitudinal or major axes, thence spreading 
laterally through the bordered pits. 

The specimen received from Mr. Elliott was obtained by Mr. 
R. Brown when digging a well in Section 23, Township 3, Range 
11, Manitoba. He recovered it from a depth of twenty-eight feet. 
In a letter from Mr. Elliott, he informs me that the surface soil 
was of about the usual depth of three feet of black, vegetable 
mould, beneath which, light blue lacustrine clay extended to 
where the wood was found. From data kindly supplied by Mr. 
Tyrrell the locality appears to be about three miles northeast of 
Pilot Mound, about seventy miles west of the Red river, and 
seventeen miles from the international boundary line. It is at an 
elevation of about 1,550 feet alwve sea level, and from 600-800 
feet alx)ve the general level of the Red River valley on the Pem- 
bina mountains or second prairie steppe. The formation in that 
vicinity is level and apparently alluvial. As, from the informa- 
tion at hand, it seems likely that the boulder clays were not 
reached, the formation is probably to be regarded as post-glacial. 

The specimen sent by Mr. Tyrrell was obtained from a well at 
Churchbridge, on the line of the Manitoba and Northwestern rail- 
way at a depth of two hundred feet. From the information so 
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far obtained, Mr. Tyrrell is inclined to regard the horizon as 
probably interglaeial, to which it will be referred for the present. 
Mr. Tyrrell further expresses the opinion that the post-glacial de- 
posits of Township 3, near Pilot Mound, may be the interglaeial 
deposits of Churchbridge farther north, the glacier in its latest 
advance not having reached to the former place. 

Microscopical examination shows that the two specimens are 
identical. They are, therefore, referred to the same species. 
Comparison with existing species of Larix show that it possesses 
characters approaching both L, occidentalis and L, americana, 
while in other respects it is quite distinct from both. It appears 
to be about midway between the two. It has, therefore, seemed 
expedient to distinguish it by a separate specific name, for which, 
as indicating the principal locality, I would propose L, chvrch- 
hridgensis. 

In the following description I have adopted certain standards 
which will also be employed in future descriptions by me. They 
are as follows: 

The size of cells is the whole width from one primary cell wall to 
its opposite. The thickness of a wall is the distance from the 
center of the primary cell wall to the cell cavity, or one-half the 
total thickness. The pits of the medullary ray as exposed in 
radial section, are determined for the area of each wood cell — 
autumn or spring — covered by the medullary ray cell. The 
hight of the large medullary rays in tangential section, is ascer- 
tained by counting from each end towards the center, until the 
/irst pair of cells is reached. All others are included in the 
central group. The rays are described as unef[ual when the ex- 
tension on one side of the central group is longer or shorter than 
on the other side. The thickness of the walls in medullary rays, 
is the whole width. The upper, lower and side walls of a medul- 
lary ray are those which would occupy the same relative positions, 
assuming the specimen to be placed vertically and the observ^er to 
look radially outward or inward. 

Larix churchbridgensis, n. sp. 

Transvcrsf. Growth rings narrow. No very obvious demarca- 
tion between the spring and autumn woods, transition gradual; 
the spring wood at least equal to or twice the autumn wood. 
Wood cells disposed in radial rows. The autumn cells 14.4x24 
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II broad, the walls 3.6 /x thick. Spring cells 24 /x square, the walls 
2.4 /I thick. 

Resin passages prominent, chiefly in the middle of the autumn 
wood, 21 fi to 100 fi broad; interior cells often conspicuous. 

Radial. Medullary rays. Cells equal in length to three or 
more wood cells. Terminations square or very obtuse; septa 
with simple or bordered pits. Upper and lower walls strongly 
pitted — pits simple. Side walls with broadly oval pits, in the 
autumn wood 1-4 for each wood cell, in the spring wood 2-5 for 
each wood cell. Cells 19.2 /x broad, walls 4.8 /x thick. 

Bordered pits. In autumn wood cells, obscure, remote. Outer 
ring 12 /x, inner ring 3.6 /x broad. In the spring cells, con- 
tiguous and somewhat flattened, or remote, distant 4. 8 /x to 24 
in. in one row. Outer ring 12 in. to 16.8 in., inner ring 3.6 in. 
to 4. 8 /x broad. 

Terminations of the tracheids obtuse or acute. 

Tangential. Medullary rays. Large rays upwards of twenty - 
four cells high plus the central group. Few, chiefly equal, rarely 
and slightly unequal. The small rays one cell broad, 1 to 13 cells 
high. Markings on the tangential walls of tracheids, none. 
Terminations of the trachieda acuminate, strongly overlapping. 



GOLD IN PLACERS. 

Herbert R. Wood, Missoula, Mont. 

Gold may occur in placers in different ways, and these placers 
may be of very different character. 

1. Along creek beds and in bars and banks of rivers; the 
gold usually in such a case having been carried a long distance. 

2. In sloping banks and beds along the bases and flanks of 
mountains usually not far removed from the source of the gold. 

3. In bars or plateau-like beds extending far out into valleys, 
frequently terminating abruptly in a cliff-like fashion but having 
their sources in the mountain ranges. 

4. In mountain ranges placer beds occur, caused by the de- 
composition of veins, and the placer beds occurring on or near 
the side of these veins. 

5. Along the flanks and at the mouths of gulches, placer beds 
frequently occur, having been washed down and depositeii through 
the same denuding forces which formed the gulch. 
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Notes 1 — In case of No. 1, rivers frequently cut gold ]t)earing 
veins in their courses. This seems to be the only plausible ex- 
planation of the occurrence of gold beds on Snake river, Idaho ; 
these beds in which the gold is found on the surface are far re- 
moved (in some cases, forty or fifty miles) from their sources. 

No. 3. — These gravels have been no doubt rearranged by action 
of water, presumably by a lake. 

No. 4. — The vein, owing to decomposition and disintegration 
may be converted into soil or quartz pebbles to considerable depth, 
the quartz pebbles frequently containing native gold, showing a 
slight attrition. 

The method of arrangement of gold in placers, depends on 
various conditions which can hardly be considered sufficient basis 
for classification. Thus its comparative depth in the gravels, its 
tolerably uniform dissemination, or local occurrence, its physical 
characters, etc., depend on such forces as gravitation, distance 
from source, denuding forces, time of denudation and deposition; 
and these different methods of occurrence may be found indeed 
in any of the varieties of placer beds. As regards the nature of 
the force which brings down the material from the mountains, and 
causes the rounding of the rock fragments, it may be of a varied 
character and admit of classification. 

1. The melting of snows and rainfall, producing spring freshets 
and streams. 

2. Glncial action. This must have been a very common 
agency from the evidence obtained. 

8. Gravitation. A natural settling down of rock fragments 
loosened by chemical disintegration to a lower level. This is 
largely aided by the percolation of waters. 

With regard to this latter method of forming placer beds, Ha}'- 
den, in his report on Geology of Colorado, refers to the force of 
gravitation as not unusual in the formation of gravel beds and 
banks along the bases and fianks of mountains. The character 
and great extent of many gravel beds, show very plainly that the 
denuding agencies must have been very active at one time in the 
recent history of the hills. This seems to be best explained by 
the action of glaciers which during the glacial period must have 
covered the mountains and caused during their recession in a 
more genial climate the immense beds of detritus which the 
rivers and streams flowing from them piled up in the valleys below. 
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In Montana, of which country this paper more particularly 
treats, gold occurs in situ. 

1 . Native in quartz veins in granite, slate, and quartzite. 

2. In chemical combination with iron pyrites, also copper 
pyrites. These veins occur in slates and granites, the accompany- 
ing gangstone usually being quartz. 

3. In brown iron ores the result of weathering and chemical 
decomposition of iron pyrites, which weathering or oxidizing in- 
fluence may extend to considerable depth in the vein owing to the 
action of percolating surface waters, or be limited to a few feet. 
The gold in this instance is free, but in a very fine flour-like 
condition. Such veins where the ordinarj' action has extended to 
a great depth, usually occur in slates or a rock which admits of 
the ready percolation of water. This changed condition is seen 
in all veins holding iron and copper sulphides. 

4. Gold occurs in more or less quantity in all veins in Mon- 
tana. In pure galena a small trace is obtained, as well as in 
copper sulphide. 

5. In a very few instances a small percentage of gold has 
been found in quartzite dikes. The quantity is rarely sufficient to 
warrant working. 

As to its physical properties the gold may be a light yellow or 
a dark yellow, holding a variable proportion of silver. It may 

occur, 

1. In large nuggets. 

2. Moderately coatse — angular. 

3. Moderately coarse — much worn. 

4. In grains and scales (fine). 

5. Flour-like condition. 

Some of these nuggets have been of considerable size, one ob- 
tained at St. Louis gulch, weighing nearly 21 ounces, while those 
weighing two or three ounces and more are of frequent occurrence. 
Notes — 

1. A probable explanation will be found farther on. 

2. When angular, the gold has not been subjected to much 
attrition and not carried far from its source. 

3. Carried considerable distance and subject to much attrition. 

4. A very common form for gold to assume in placer beds. 
This is its most common condition in the vein material, thin 
leaves and scales. 
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5. This flour-like gold results chiefly from the oxidation of 
iron pyrites, the gold becoming freed in a very fine condition in 
the brown iron ore which results from the chemical change. 

Briefly speaking the physical features of western Montana are 
similar to many mountainous countries. It is characterized by a 
series of more or less parallel ranges, having a general north- 
westerly and southeasterly direction with intervening valleys. 
The mountains having been formed by upheaval, lateral pressure 
and subsequent denudation. In most of the ranges the central 
core of granite has been exposed with highly tilted slates, lime> 
stones cut by porphyritic and quartzite dikes abutting it. 

At mount Ogden, a mountain of granite (a true granite) which 
is intersected, near a contact with a bed of quartzite, by a series 
of narrow quartz veins holding auriferous iron pyrites and free 
gold — the placer beds are situated along the base of the mount- 
ains, a direct incline at an average slope of 35^, about a mile 
distant from the source. The gold can be found, however, along 
the entire slope intervening. This granite is very much decom- 
posed to a depth of twenty to twenty -five feet, so that in develop- 
ing these veins no blasting was done to that depth. The disinte- 
gration has taken place in the granite owing to change in feldspars 
and the oxidation of iron pyrites which is thickly scattered 
through it, assisted by percolating waters and action of frost. 

The easy removal of this decomix)sed rock by melting snows, 
assisted by the natural force of gravitiition is obvious. 

The manner of the removal of the gold from the veins is, I 
imagine, that suggested by Wurtz, the formation of persulphate 
of iron in which gold is slightly soluble. This may act as a car- 
rier, a deposition of metallic gold resulting as a nugget; or the 
gold is worn from the rock holding it, and carried by the water 
into the gravels. 

Placer beds vary according to the class to which they may belong 
as regards the nature of the pebbles and boulders, or the presence,, 
absence, scarcity or abundance of them, the presence of black 
magnetic sands, the depth of the bed and the arrangement of the 
gravels and boulders in them. 

To give an idea of the nature of a placer bed the following ac- 
count of St. Louis gulch, twenty-five miles east of Helena, as 
illustrating No. 5 is given. At the mouth of the gulch which has 
a general course north and south and from which a creek flowa 
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into the Missouri, the detritus and wash from the gulch extends 
out in a broad fan-shaped sloping terrace for two or three miles. 
The gold is disseminated to a greater or less extent throughout 
the whole of this bed, but only in workable quantities in certain 
localities noticeable at the immediate entrance to the gulch. As we 
proceed up the gulch the gold bearing strata gradually sink to a 
depth of 60 feet or more, to which shafts have been sunk to the 
gold bearing zone. Towards the head of the gulch which is six 
or seven miles in length the gold belt rises till it merges on the 
surface and at the extreme head of the gulch splits into finger- 
like streams which have been traced to the veins in situ from 
which the gold came. 

Fig. 1 represents a longitudinal section of the gulch, in which 
the dots show the deposition of the gold in the detritus gravels 
from the mountains. AAA are veins, B the exit and fan-shaped 
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bed of gravels, C the surface line of detritus, D the line of de- 
position of gold. The veins consist of one very large vein of 
nearly pure iron pyrites, associated with some quartz as a gangue. 
It is alx)ut forty feet in width, and has been mined to a depth of 
90 feet, to which depth the pyrites was decomposed into oxides of 
iron. 

In the vicinity of this vein are numerous small veins of a few 
inches in width up to which the gold streaks lead in the gravels. 
The country rock is an eruptive trap-like rock. At the head of 
the gulch near the veins the large nuggets were obtained. This 
is easily explained by the great weight of these large nuggets, 
which are deposited first as the detritus was laid down by the 
running water. The veins vary in their direction, one vein pene- 
trating the east side of the gulch for 1,500 feet, and being 
only two or three inches in width, assaying $2 to the ton. As to 
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the origin of this gulch it may have been produced by glacial 
action or by the denudation of running waters from freshets and 
melted snows. The richest localities in this gulch were the outer 
points and margins of the slopes at the termini of the finger-like 
streams. This is easily explained also by the deposition of the 
coarser gold at the head of the gulch. If the gold continues to 
stream down and follow chosen finger-like paths, in the vicinity of 
the veins in such a placer, the denudation presumably being slow, 
the occurrence of nuggets of such an unusual size as 20 ounces 
might be explained on the theory that persulphate of iron holding 
an appreciable amount of gold in solution deposited its gold in a 
certain spot, a large mass of gold thus gradually accruing. This 
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theory is given in Lc Conte's text l)ook of geology, in reference 
to the auriferous gravels of California. 

As illustrating No. 3, in the Flint Creek valley in western Mon- 
tana, Deer Lodge county, near Stone, placer beds occur in the 
form of long bars or level plateaus which extend for several miles 
north from the mountain ranges. They terminate abruptly in a 
cliff- like margin. 

The gold bed A, Fig. 2, occupies the upper stratum of this plateau 
for several feet, and is sharply marked off from the lower gravels 
B. The gold stratum was evidently a later fiow from the mount- 
ain, and has been rearranged and deposited by lake action. 
These plateaus have been the result of glacial action in this in- 
stance. Large and subangular boulders occur in the gravel beds, 
and scattered along the valley below. 

As regards the character of the boulders, which make up the 
placer bed, they may consist of all kinds of rock, but more 
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usually granite, slates and quartzite accompanied by iron-stained 
quartz, boulders and pebbles, presumably from the veins them- 
selves, frequently black magnetic sands, and more or less fine allu- 
vials. These beds attain great thickness, often resting on the bed 
rock which may be two or three hundred feet below the surface. 
Placer beds may exhibit a stratified arrangement of the gravels, 
boulders and sands, the gold confining Itself to particular horizons. 
The proportion of fine detrital matter and clays, in a placer claim 
varies very much. There may be a good deal of intermingled 
dirt and sands, and frequently the bed may consist almost wholly 
of pebbles and boulders. In this latter instance, 1 believe the 
gold gradually sinks down in the bed, when unobstructed by clays 
and subject to continual action of percolating waters, to a lower 
level. The arrangement of the gold in streaks in the bed, or its 
uniform distribution depends less perhaps on the proximity of 
the bed to the source, than to the force of distribution and de- 
nudation; beds several miles removed from their source fre- 
quently having the gold arranged in streaks, ])y water action. 



[Notes on Paktozoic Crustacett No. 2J] * 

ON THE NORTH AMERICAN SPECIES OF THE 

GENUS AGNOSTUS. 

By A. W. VouDEs, Fort Canby, Wash. 
HISTORICAL SKETCH OP TUK GENUS AONOSTUS. 

The earliest known species of this genus was described and figured 
by Bromell in 1721), Lithpgraphia Suecana, Actis Liter., Suecite, Upsal, 
vol. 2, p. 527, under the name of Venniculi vagipennet. The author misr 
takes the fossil for an insect and figures Agnostys pisift/nnu from the 
Olenus schist of Andrarum, Sweden. For a period of almost 
one hundred years this was the only representative of a genus, to which 
Brongniart gave the name of Agnostus, taking for its type Agnostvs pisi 
formis from Linn(!'^s Bntomolithus jnsiformiajSyBt. Nat. Ed. xii, p. 160. 

Dalman uses the same species for the type of his new genus liattus in 
1826, Pala>aden p. 257. 

In the year 1828, Dalman, Vetensk, Akad, Arsber, p. 136, described a 
new species from Gothland under the name of Battue ktcif/atus, and a 
new variety from Andrarum, aa Battuti pisiforinis var. Mpiniger. The 
next contribution to our knowledge of this genus was made by Beyrich 
in 1845, Ueber Bohm Trilobiten, p. 44. The author adds two new 
species to the list from the Paradox Ides zone of Bohemia, under the 

♦No. 1 of these notes is published in Trans. St. Louis Acad. Sci., Vol. 
V, 1891. 
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names of Battue nudus and B, integer. The discovery of an entire speci- 
men by this author removed the doubts regarding the affinities of these 
fossils with the order Trilobita. 

The investigations made by M'Coy in 1846, Syn. Silurian Fossils of 
Ireland, p. 56, added the new genus Trinodus and one new species, T, 
agnoBtifarmU, The non-adoption by paleontologists of Trinodus, and 
the imperfect illustration of this species have caused several identical 
forms to be classed under new names such as Agnoattu convexus Salt 
A, trinodus Salt, and A, tardus Salt., Brit Pal. Foss. 1851, p. 141 (not Bar- 
rande's species). The species ranges high up in the geologic column as 
it approaches its extinction, in the zone with the genus Asaphu^ and 
Trtnu4:leus. 

Barrande descril)ed in his Preliminary work on the Silurian System 
of Bohemia, 1846, pp. 14 and 85, nine new species under this genus; 
which he reduces to six in his final great work on the Bohemian trilo- 
bites. Etage C with Paradoxides hohemicus contains — Agnontus integer 
Beyr., A. granulatu8B&TT,y A. nudus Beyr., A, bibullatus Barr. and A, rex 
Barr. Etage D with Asapkus nobilis contains Agnostus tardus Barr. 

Corda, Prodrom 1847, reclassifies the genus into seven new genera and 
29 species. All the genera and species have been referred to well 
known Bohemian species and genera. 

In the Mem. Geol. Survey, vol. 2, part 1, p. 351, pi. 8, Salter & Phillips 
reproduce under the name of Agnostus trinodus the Irish species which 
M'Coy described as Trinodus agnostifirrmis. The authors also describe a 
variety of this species as connexus. 

1851 — Angelin describes and figures 12 species from Sweden, Palaeout. 
Scand., p. 5, pi. 6. Regie A (Olenus zone). Agnostus pisifonnis Linn^, 
A. Icerigatus Dalm., A. reticuUUus Ang., Regio B (Paradoxides forchham- 
nieri zone), Agnostus planimuda Aug., A, exsculptus Aug., A. punctuosus 
Aug., A. acuifatus Aug,, A. brecifrojis Aug., A. glandiformis Ang,, A, bituber- 
culatus Aug., Regio C (Asaphus zone), Agnostus leniifonnis Aug., Regio 
D.y xXgnost us glabratus Aug, 

The first North American contribution to Agnostus was made by Bil- 
lingH in 1860, Canadian Nat, vol. 5, p. 802, in which he describes from 
the so-called Quebec group, three new species, Agnostus americanus, A. 
orion and A. mnadenns. These species are republished in Palaeozoic 
Fossils of Canada, vol. 1, 1865, p. 895. Agnostus umericanus is of the type 
Longif routes, congeneric with A, tnsectus Salt, which occurs at An- 
drarum with Peltura and Spluvrophthalmus, A, orion differs from A. pisi- 
fonnis by having the glabella proportionally shorter. The same name 
was used by Barrande in 1846 for a species of the genus. 

1860 — Eichwald, Lethea Rossica, vol. 1, p. 1351. The author describes 
four species, two of which are for the first time illustrated — Agnostus para- 
doxus Eichw. and A. nodiger, n. sp. Eichwald refers A, boeckii to A, 
exsculptus Ang. The two new species are from the Asaphus zone. 

1^63— An important contribution to American paheontology was pub- 
lished during this year by James Hall; entitled Preliminary notice of 
the fauna of the Potsdam Sandstone, 16th Report N. Y. State Cab. Nat. 
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Hist. The memoir describes the fossils of the Dikel^cephalus zone of 
Wisconsin. In this work we have illustrations and descriptions of 
Agnostus josephay A. paHiis and A, disparilis. The first species ap- 
proaches A, cyclopyge Tull. of the Olenus zone of Sweden. The second 
is of the type Lievigati of which A, Urtigatus Dalm. i« its nearest congen- 
eric form. Dr. Shumard described in the Am. Jour. Sci., vol. 82, 1861, 
p. 218, Agnostus coloradensis from Burnet county, Texas. This species is 
of the type A. neran H. & W. 

1864 — Salter in the Mem. Geol. Survey, Decade XI, describes five new 
species of the genus as follows: Agnostus princepi alsovars. ornatus and 
rudis (Olenus zone). (This species is of the type A, ataoug, gibbus, punc- 
tuosm, americimu8\ Agnostus maccoyii, Upper Llandeilo Flags, Wales, 
A. Hmbatus, Caradoc, A. 7norea, Lower Llandeilo, A, trinodusj syn. of A. 
agnostifarmia M'Coy, A. trisectus, Upper Lingula. (This species occurs 
at Andrarum with PeHttra &nd Sphcrapht/ialmus). 

1865 — Billings in the Palteozoic Fossils of Canada, vol. 1, redescribes 
A, americanun, A, arion and A. ramidefisia. The author adds two new spe- 
cies to the list from the so-called Quebec group of Newfoundland, 
AguoatuB galhii, and A. fahicus. The former species differs but slightly 
from J, tardus Barr., Etage I), in Bohemia. The latter approaches A, 
lent if or mis Aug., Kegio C, of Sweden. 

1866— Schmidt describes a new species in the Bull. Acad. Sci., St. 
Petersb , vol. 30, 1866, p. 505, flg. 45, Agnostus cyekanowskii, 

1866— Linnarsson describes a new species in Om de Siluriska bildnin- 
garne i Mellersta Westergiitland; Agnostus affinis from the zone with 
Paradoxides tessini. 

1867 — Belt in the Geol. Mag., vol. 4, p. 294, describes Agnostus nodosus 
and 4. pisifarmis var. obelus, from the "Upper Cambrian" of Wales. 
TuUberg remarks that A. nodosus Belt is probably identical with A, re- 
ticulatus Ang. The author illustrates a broad and narrow form of A, 
jnsiformis var. obesvs. In vol. 5, 1868, of the same magazine, the author 
describes Agmostus obtusus from the Upper Dolgelly and A, barlowii from 
the Tremadoc. 

1868 — Barraude describes Agnostvs hacaricusy in Fauna Silurienne des 
environs de Hoff en Baviere, p. 32, figs. 46-47. 

l869--Linnarsson, Om Vestergutland Camb. & Sil. afiagringar. The 
author describes 8 species of Agnostus including the following new 
species, A, gibbus^ A. pardfrons^ A, Menbladlii, and A, fallax. The first 
two species occur with Paradoxides tessini at Andrarum. Agnostut 
sidenbladhi ranges higher up in the Ceratopyge chalk. 

Sjogren in Om nagra forsteningar i Gland Kambriska lager 1871, de- 
scribes Agnostus regiits from the zone with Paradoxides olandicus. 

1871— Hicks in the Quart. Jour. Geol. Soc, vol.27, 1871, p. 400, de- 
scribes a new species, Agnostus camf/riensis. 

1872— Meek in the sixth Report U. S. Geol. Sur. Territories, p. 664, 
gives the name of Agnostus inaladensis to a species from Malade City, 
Utah; and that of Agnostus bidens to one from Gallatin City, Montana. 

1872— Hicks in the Quart. Jour. Geol. Soc, vol. 28, 1872, p. 174, de- 
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scribes tive species, illustrating a new one under the name of Aynos- 
tus eskriggei from near Dolgelly, Wales. This article also contains de- 
scriptions of AgnoHtu^ daridU Salt., A mcutaliH Salt., A. sraraoiden Salt, and 
A. hnrrandei Salt. 

1872 — Ford illustrates an imperfect trilobite uuder the name of Ag- 
nostus nohilis in the Amer. Jour. Sci., vol. 3, 1872, p. 421. This species 
is from the Olenellus zone near Troy, New York, and may prove to be a 
species of the genus MicrodUcun^ which occurs in the same locality. 

1872 — Barrande describes three new species from Etage D, in the 
Supplement Syst. Sil. Bohm., vol. 1, 18T2: Agnostug cadueus, A. perrugo- 
tus and A. similar im. 

1876— Kayser, Beltrftge zur. Geol. & Paheont. der Argentinischen Re- 
publik, p. 5. The author describes Agnontu9 tilcurycnsin from the 
Olenus zone. 

1877— White in his Preliminary Report for 1874, also in the final Re- 
port U. S. Geol. Sur., west 100th Mer., vol. 4, 1877, describes Agnostus in- 
terstrictus from Antelope Springs, Utah. This species is related to A, 
integer Beyr. 

Hall ifc Whitfield in U. S. Geol. Sur. 40th Par., vol. 4, 1877, describe 
four new species from the Dikelocephalus zone of Nevada: Agnostus 
communis^ A. neon, A. prolongus, A. UnnidosuH. 

1878 — Hartt, in Dawson's Acadian Geology, 2d Edition, describes A. 
acfidicus and A, similis; the latter species is now included as a synonym 
of A. acndicus. 

1878- Brogtrer, Om' Paradoxide?skifrene ved Krekling, describes 14 
species including the following new forms, Agnostus gihhus var. hyhrida 
A. kjcrulfi, A. nathorsti, A. inrertus, A. parifrons tar. imnnmilata, also var. 
nepos, A. nudns var. marginntas, A. punctuosus var. ajinistrnd A. trunca- 
tus. All these species occur in the Paradoxides zone. 

1880 — TuUberg, in his excellent monograph on the Agnostus species 
in the Cambrian formation at Andrarum, illustrates and describes 28 
species of this g*»nu8 with the following new species: Group Longi- 
frons — Agnostus fii<Hus Lund,MSS., A. atavus, A. intermedius, A. elegans^ 
A. lundgreni, A. ryclopyge, A. pusiUus. Group Lievigati — A, cicer. 
Group Limbati — A. fjuadratus. 

Dames in Hichthofin's China, vol. 4, p. 27, pi. 2, describes Agnostus 
chimnsis from the Olenus zone. 

1882 — Holm, in Kongl. Svenska vet. Akad. Handl., vol. 6, No. 9, de- 
scribes .4. torquisti. 

1884— Walcott in Paheont. Eureka Dist. describes six species includ- 
ing two new species: Agnostus scdusus and ^4. ricJunondensis, The first 
species is of the type A. parrifrous Linrs. and the second of A. natJiorsti 
Brogger. 

1885 — Matthew in the Trans. Roy. ^oc. Canada, vol. 3, describes 10 
species from the Paradoxides zone of St. John: Agnostus regulus, A. 
partihus, A. rir, also var nmcinnus, A. acadicus Hartt, var. decliris. A, tis- 
sdlHj A. umbo, A. obtusilobus and A. amtihbus. 
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1889— Walcott describes in the Proc. Natl. Mus. vol. 12, 1889, the only 
known American Olenelliis zone Agnostus, under the name of A. denid- 
ertttns, from Salem, New York. This species is illustrated in the lOth 
Report U. S. Geol. Survey, p. 630, pi. 80, fig. 5. 

IIECAPITULATION * 

From the Olenellus zone, Agiiostns nobilU Ford, A, desuJer- 

atua Walcott, A.fallax Linrs 3 

From the Paradoxides zone 44 

From the Olenus zone 6 

From the Dikelocephalus zone 19 

From the Asaph us zone 18 

Hi) 
AGNOSTUS, Brongniart, 1822. 
JJiagnosls. — The general, form of the body of the Agnosti is 
elongated elliptical, the surface convex. The head presents the 
same structure as that part in other trilo])ite8, with the exception 
of eyes and facial suture, which are wanting in this genus. The 
glabella determined by the dorsal grooves, never extends to the 
anterior contour; it is always prominent by its relief; its form 
varies with the species. The typical form has a glabella divided 
into a small frontal lobe, and a larger posterior lobe; the basal 
lobes forming a third part. The frontal lobe is usually su])trian- 
gular having a groove in front (A. i^isfforniis^ plate JX, fig. 14). 
In the section Limbati, the glabella is broadly rounded in front, 
showing a great development as in .1. rc.r, plate x, fig. 13. In 
the section Parvifrontes, the glabella has only a single lol)e, as in 
A. jHtrvifrons, plate X, fig. 12. In the typical glabella the pos- 
terior lobe exhibits an inclination to divide laterally, or in front, 
being marked by a medium ridge. The glabella is sometimes 
compressed on the sides })y the basal lobes, but expands at this 
point again in its posterior projection, as in A. gihhus. The 
basal lobes are very short, so that in A. yihhns, they appear like 
a narrow band widening out on both sides of the head, forming 
two nodes, which are sometimes large and triangular, as in the 
section Fallaces. The basal lobes are divided in some species 
into two nodes on each side, as in .1. atacns, but, they are gener- 
ally very minute. The occipital groove and ring are more or less 
developed. The lateral lobes of the head form a concentric ])and 
with the contour; this is called by Barrande the geual zone In 
the section Longifrontes, the cheeks in front of the glabella are 
divided by a furrow extending from the apex of the glabella to 

♦The varieties are omitted in this enumeration. 
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the limb. The surface of the genal zone is smooth in the section 
Limbati, but, in Longifrontes they show a tendency to striate or 
punctate. The limb around the head is always wider in front and 
narrowed towards the thorax. One can distinguish upon its surface 
an internal groove, and an external ridge forming the contour, 
sometimes the limb is extended into small points on each side, as 
in A. josepha. In the section Lsevigati the limb becomes obso- 
lete; in the section Limbati it is broad. The thorax has two 
segments in all the known species. The axis is usually' well de- 
veloped in width, whereas the pleurte are often reduced; when 
the trilobation is distinct, as in .4. rex, the thorax shows the 
same characteristic; when it is faint, as in A. nudis, the triloba- 
tion is also indistinct. The first segment is subdivided by a groove 
which gives to the pleurae two bands more or less elevated, the 
anterior band being the larger; the second segment has the 
pleura? on each side divided into bands of equal width; the 
points of each pleura? are directed forward. The pygidium con- 
forms to the head. In certain species, for example A. hibuUatm^ 
the pygidium is marked with dorsal grooves ; but the head shows 
no trace of these grooves. In A. rex the axis of the pygidium 
reproduces that of the thorax. The lateral lobes form a concen- 
tric zone to the contour sometimes united, but often separated 
behind the axis. The limb surrounding the pygidium is some- 
times extended into points. If tne head has no border, that of 
the pygidium is augmented as in A. nudis. The typical axis 
occupies generally ij of the total length. In front of the axis is 
located a small triangular border (genou articulaire). The axis 
has three joints; the center lobe is usually the smallest, but at- 
tains the greatest bight; it carries typically on the medium line a 
node, which sometimes is extended backwards over the third 
joint (.1. natkorsti and A. acahatus)^ also extended into a spine 
in .1. gi hints. In ^1. nx the middle joint on the axis is divided 
by a groove, into an upper and lower lobe. The anterior joint 
of the axis has an inclination to become separated into three 
lobes; the two side lobes are common. The last joint is heart-, 
shaped. In A. rex the last joint is short and rounded; in 
A. cyclojpifge it is large and rounded. Sometimes the axis is 
long, A. fall ax. The side lobes when the axis is short unite l>e- 
hind it. In the typical species they are divided by a furrow, 
which often ]>ecomes obsolete. In A, kjerulfi and A jdamvnuda 
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an elevated ridge extends from the spines of the pygidium to the 
axis. 

In the section Lcevigati^ the dorsal grooves are limited on the 
head, only partly defining the glabella; they are also limited on 
the pygidium, especially in rear, as in A. lavigatus Dalm., plate 
X, fig 3. In the section Arthrorhachis the glabella is prominent, 
long and marked with small basal lobes; the axis of the pygidium 
is short, as in Agnostus tardua Barr. 

PART 3. DESCRIPTION OF THE NORTH AMERICAN SPECIES. 

The insignificant genus Agnostus surpasses in number of spe- 
cies all the other genera of the order Trilobita; in the primordial 
fauna we have a total number of ninety species, excluding the 
varieties. The species range from the Olenellus zone to the 
Lower Silurian. The zone with Paradoxides contains 44 species 
and several varieties; the Olenus is not so well represented; but, 
the genus outlived both these genera and extends into the Cera- 
topyge chalk (^4. Kidtndladhl) also in the Orthoceras zone 
{A. fenti/ormis &c). The genus dies out in the zone with 
Asaphus and Trinucleus (A. trinodus &c). In North America 
the genus is represented by twenty-eight species which may be 
arranged into the following zones and sections: 

OLENELLUS ZONE. 

Agnostus xobilis Ford, 1872. 
This is a doubtful species and may belong to the genus Micro- 

dlSCHS. 

Section I, PARVIFRONTES.— The glabella is only partly de- 
veloped in this section (Agnostus hrevt'froiis Ang., plate x, fig. 12). 

Agnostus desideratus Walcott, 1890. 
Plate X, fig. 7. Cf. Agnostus prohnigus Hall. 
Diagnosis. Head about as broad as long, broadly rounded in 
front, sides curving in slightly towards the posterior margin, 
which slopes obliquely inwards from the postero-lateral angles to 
the glabella. The glabella is less tlian if the length of the 
head. A narrow raised rim extends all around the margins, ex- 
cept across the base of the glabella, which is subcylindrical, nar- 
row, with a small node on the posterior third of its medium line. 
Surface smooth. Locality, Salem, N. Y. This species is of the 
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type ^l. parvifmns Linrs. which appears with the genus Para- 
dox idta in Norway. The pygidium of A. prohugiis Hall, pi. x, 
fig. 10, has a similar form to the head of this s|)eeies. The 
author illustrates only the head. An associated pygidium has a 
prominent axis bordered by a narrow convex space l)etween it 
and the limb. The axis does not exhibit lateral, or transverse 
furrow. An elongated median tubercle is the onl}' ornament. 

PARADOXIDES ZONE. 

Section IT, L0N6IFR0NTES. This section is distinguished by 
its strongly projecting glabella and axis, which latter is generally 
moderately long. Crust smooth. The cheeks grooved. The crust 
on the cheeks and pygidium is provided with raised points. 
Limb generally narrow. The cheeks in front of the glabella and 
side IoIkjs of the pygidium, behind the axis, divided by a groove. 
(Agiiostua puHctuosHs Aug., pi. ix, fig. 2, also A. pist'/ormis pl. 
IX, fig. 14). 

AuxoSTirs ACUTiLOBL^s Mattlicw, 1885. Plate ix, fig. 1. 

Diagnosis. — Body elliptical, elongated. Head semi-elliptical. 
Dorsal furrow faint, marginal furrow and fold sharply defined, 
(jlabella sul)Conical, length ^ of that of the head. The gla])eHa 
is divided into two lobes; the anterior lobe is ^ of the length and 
subtriangular, posterior lobe extends to the base of the head. It 
has an elongated ridge on the anterior half, with two faintly 
marked lateral furrows on the lateral edges of this lobe. The 
basal lobes are divided otf by a sigmoid furrow and depressed 
])elow the level of the glabella. Occipital ring narrow. The 
cheeks are somewhat full especially in front and divided by a 
furrow, each cheek is seamed across by a faint furrow. Thorax 
of two segments ; the first has five lobes, the second only three. 
iVgidium suV>elliptical. Axis is oblanceolate, nearly ^ as wide 
as the pygidium and its length is about J of that of the pygi- 
dium, narrowed in the anterior third, and crossed in that part by 
two transverse furrows; the included lobe bears an elongated 
tubercle; lateral lobes of the pygidium moderately elevated and 
united behind the axis. Surface smooth externally, but it is 
jjrranulated on the inner surface of test. 

LotutUty. St. John group, Porter's l)rook, St. Martin's. 
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The species differs in minor points from A. gibbus var. hybridus Brog- 
ger, especially in having an elongated ridge on the front of the posterior 
lobe of the glabella. 

AoNosTUS 0BTUSIL0BU8 Mattlicw, 1885. Plate ix, fig. 3. 

Cf. ^4.. scnrwindes Salter, 1872, from which it differs by a nar- 
rower glabella with a more obtuse front. 

Diagnosis. — The head of this species is like that of A. acuti- 
loha Matthew. The pygidium described under this name is sub- 
quadrate in form, wider behind than before, and has a pair of 
spines at the outer angles. The axis is nearly one-half as wide 
as the pygidium, about four-fifths of its length and projects for- 
ward beyond the side lobes; it is obtusely lanceolate, somewhat 
narrowed in the middle, and divided into three lobes, of which 
the posterior is a ^ longer than the length of the two anterior. 
The middle lobe is elevated in the middle, and bears an elongated 
tubercle on the axial line; there is also a faint tubercular eleva- 
tion on the middle of the anterior lobe. The lateral lobes of the 
pygidium are somewhat narrowed in the middle of their length by 
the projecting sides of the axial lobe, and rapidly behind the 
pygidium, where they connect. The dorsal furrow is deeply im- 
pressed all around, and at the posterior angle is very close to the 
marginal furrow; this furrow is angled forward to the axial lobe 
and quadrately rounded at the posterior side of the pygidium. 

Londlty. St. John group, Porter's and Han ford brooks, St. Martin's. 

AoNosTirs TES8ELLA Mattlicw, 1885. Plate ix, fig. 4. 

Dhignosi.s. — Head semi-elliptical, higher in the middle and 
rear part. Dorsal furrow distinct on the posterior J of the gla- 
bella, faint on the other j^. Limb strongly elevated; the interior 
groove deep and strongly impressed. Glabella cylindro-conical, 
rounded in front, the widtli ^ of that of the head; the length five- 
sevenths. The frontal lobe of the glabella is depressed to the 
level of the cheeks, and almost obsolete; the posterior lobe is 
cylindrical, rounded behind, bounded in front by a straight, deep 
furrow, and bears a small tubercle ^ from the front. Basal lobes 
small. Thorax of two segments. The anterior segment l^ears 
five lobes of which the two lateral pairs are glo])ose; the axis is 
transversely elongated, wider behind than before, and bears a 
minute tubercle at the axial line. The posterior segment is simi- 
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lar except the tubercle. The pygidium is semi-elliptical, some- 
what wider than long, strongly elevated along the axis, trun- 
cated in front at the lateral thirds. The axis is cylindro-conical, 
width ^ the pygidium, length f ; it bears an elongated tubercle 
on the axial line at the anterior ^; short furrows indent the sides 
of the axis, opposite the ends of this tubercle. The side lobes 
are narrow and divided at the extremity of the axis by a furrow, 
connecting the dorsal and marginal furrows. 
Locality, St. John group, at Porter's brook, St. Martin's. 

AoNOSTUS AOADicus Hartt, 1878. Plate ix, fig. 7. ^yn. Agnostm 

similis Hartt. 

Dxtignosis. — Head convex, depressed. Limb narrow, slightly 
elevated. Glabella slightly less than f of the length of the head, 
long, elliptical, depressed convex, but more elevated than the 
other parts of the head ; frontal lol>e of the glabella, sub-circular 
and occupying about ^ of the glabella; basal lobes small, but 
distinct. Cheeks of the same width throughout and united in 
front of the glabella; they are convex, more elevated along their 
inner margins, but sloping outwards roundly and evenly. The 
genial zone has a narrow, shallow, flat space or groove which fol- 
lows the limb; on going posteriorly along the lateral margins it 
loses gradually its width towards the posterior angles of the head. 
Thorax unknown. 

Pygidium similar to the head. The limb slightly raised, separ- 
ated from the sides by a shallow but well marked groove running 
parallel to the margin. This groove widens at the point where it 
bends to go forward along the sides, in such a way as to en- 
croach on the thin out of the liml); just before reaching the an- 
terior margin it narrows itself from the inner side, so as to cause 
the side lobes to widen somewhat anteriorly. These are narrow, 
flattened, alnnit ^ as wide as the axis, narrowing to a point just 
behind the axis where thev do not unite. The axis 
is about five-sixths of the length of the pygidium, lan- 
ceolated, flattened, more elevated than the side lol)es of the pygi- 
dium. Dorsal furrows distinct. The axis has a small tubercle 
located on the median line alwut \ its length from the front mar- 
gin. Surface smooth. 

locality. St. John group. Saint Joha, N. B. 

The head of this species approaches that of A.rwoiiy Hall & Whitfield. 
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Agnostus ACADICU8 var. DECLivis Matthew, 1885. PI. ix, fig. 8. 
The author compares this species with A. secretus Walcott. 

AoNOSTUS REGULUS Matthew, 1885. Plate x, fig. 11. 

Diagnosis. — Head elongate, semi-elliptical, with straight sides, 
posterior contour broken by the projecting glabella, and narrow 
occipital ring. Dorsal furrow distinct, marginal furrow and 
limb sharply defined ; the latter diminishes towards the posterior 
angles of the head. Glabella large, consisting of two lobes; the 
anterior lobe semi-circular, wider than the posterior lobe, elevated 
above the general contour of the surface and undulate with 
broad furrows, radiating from the back of the lobe; posterior 
lobe flattened, cylindrical, with a faint broad median transverse 
furrow interrupted at the summit of the glabella by a node, 
elongated on the line of the axis. The cheeks are narrow^ed in 
the middle, there being a crescent-shaped limb in front of the 
anterior lobe of the glabella, and an expanding cheek on each 
side of the posterior lobe of the glabella. 

The pygidium is elliptical. The axial lobe large, high, obtusely 
clavate, constricted in the centre and divided into three lobes; 
the middle lobe is larger than the combined length of the other 
lobes, and has a median ridge-like tubercle. This lobe is indented 
in the middle of its length on each side by a short furrow ; the an- 
terior lobe is narrow and ring-like; the posterior lobe is sub- 
lunate. Limb distinct. The side lobes of the pygidium narrow 
in rear to conform with the axis. 

Locality, St. John group, at Portland, Hanford and Porter's brook, 
St. Martin's. 
This species is of the type A. rex Barr. 

Section PARVIFRONTES. 
Agnostus umbo Matthew, 1885. Plate x, fig. 9. 
Diagnosis. — Head broadly transversely elliptical, high and 
contracted behind, sloping from the glabella in all directions. 
Marginal fold and furrow strongly marked. Dorsal grooves dis- 
tinct. Glabella suborbiciilar, rounded in front, and behind 
bearing a small tubercle on the axial line, ^ from the front. 
Length of the glabella ^ that of the head. Pygidium semi-ellip- 
tical. Dorsal and marginal furrows deeply impressed ; axis coni- 
cal and greatly elevated above the rest of the pygidium; it bears 
a small tubercle j^ from the front. The limb is rather wide at 
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the extremity of the pygidium, and is rounded at the anterior 

-corners. 

Ijocality, St. John group, at Porter's brook. 
This species is of the type A. parvifrom Linrs. 

Section Til, LIHBATI. General form subquadrate, head 
has a broad liml), ])asal lobes large. The cheeks in front of the 
gla])ella are not di^ided by a central groove or grooved at the 
sides. The pygidium is usually produced into lateral spines. 
{Aynostus rex Barr, pi. x fig. 13). 

Series A. (RE6II). Distinguished by its broad limb, dimin- 
ishing cheeks and side lobes of the pygidium. Both the anterior 
lobe of the glabella and the posterior lobe of the pygidium ex- 
pand. (Type Aynostua rex Barr). 

Seri€»s B. (FALLACES). This series has a smaller head, and 
moderately bmad limb. Cheeks large; basal lobes rather large 
with a broad posterior lobe to the axis of the pygidium. (Type 
AgiKtstvs fnlln.c Linrs, pi. x, fig. 2). 

A0NOSTU8 viR Matthew, 1885. PL x, fig. 14. 

Ditiytuhsis. — Head elongate, semi-elliptical, with straight sides 
and angulaled ])ehind. Dorsal furrow distinct. Marginal fold 
and groove rather flat and broad, (rlabella subconical, obtuse in 
front, expanded behind. Ji(>ngth about five-sevenths of that of 
the head. Tlie anterior lobe of the glabella is about two-fifths 
of its length: it is elliptically rounded in front, and obtusel}' 
behind: the po.slerior lobe is narrowed ])ehind, and in that part is 
decidedly elevated above the rest of the head; a sigmoid furi-ow 
cuts off a depressed basal lo))e on each side. The cheeks are 
moderately elevated, and of equal width all around the glabella. 

The thorax consists of two segments, the first is divided into 
three lobes of which the outer pair is globose, the axis is elon- 
gated. transviTse and indented on the front side by two strong 
furrows extending \ way across; the second .segment is similar to 
the first, except that there are no grooves on the axis. 

The i)ygidiuni is subquadrate. and armed with two lateral 
spines: its width one-fifth greater than its length. Axis c^'lin- 
<lro-conical, o]>tusely i)ointed behind, and bears an elongated 
tubercle pointed backwards. The side lobes of the pygidium are 
about ^ the width of the axis an<l narrowed towards the posterior 
end of the pygidium, where they connect. The marginal furrow 
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increases in width going backwards as far as the posterior lateral 
angles, where it is as wide as the lateral lobe of the pygidium, 
but narrows again towards the extremity of the pygidium. The 
limb increases in width from the front as far as the lateral spines, 
behind which it is constricted ; at the anterior end it is angulated 
towards the axis, in the rear third broadly rounded. 

Lof<ility, JSt. John group, Portland and at Hanford brook, St. Mar- 
tin's. 

The species differs but slightly from Agnostus fallax v&r.ferox TuUb. 
from the Scandinavian formation at Andrarum with Pnradoxid^^ tessini. 

AoNOSTUS viR var. concinnus Matthew, 1885. Plate ix, fig. 13. 
This variety varies but slightly from Agnostns vir. 

DIKELOCEPHALUS ZONK. 
Section LONGIFRONTES. 

AONOSTUS AMERICANUS BilUngs, 1860. 
Syn. Agnoshts richmoudensls Walcott. Plate ix, figs. 5 and 11. 
Diagnosis. — Head oblong, semi -oval, rather strongly convex, 
most elevated at the posterior quarter of the length, thence de- 
scending with a depressed convex slope in all directions to the 
sides and front. Limb very narrow. The glabella is elongate 
oval, width ^ that of the whole head, length rather more than J 
the length of the head. It has two transverse furrows which 
completely or partially divide it into three lobes. The anterior fur- 
row extends all across at ^ or a little more of the length from the 
front. The posterior furrow is interrupted in the middle, and is 
only distinctly seen on each side, penetrating j^ the width, while 
its position is a little in advance of the posterior third of the 
length of the glabella. The space between the two inner extrem- 
ities of the posterior furrows is occupied by a low conical tuber- 
cle, with the apex directed backwards. Basal lobes small and 
triangular. Donsal groove distinct. (Uieeks divided in front of 
the glabella by a furrow. The surface is ornamented by from 15 
to 20 irregular, slightly impressed radiating rugose stria?. The 
pygidium is striated like the head. The axis has three lobes with 
an elongated median tubercle, extending across the anterior and 
middle lobes; the posterior lobe is e({ual in size to the other lobes. 

Ij)cuUty, Point Levis, Que])ec. 

This species approaches A. trisectus Salter, which occurs at Audrarum, 
Sweden with the genus Peltura. 
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Agnostus canadensis Billings, 1860. Plate ix, fig. 9. 

Diagnosis. — Head obtusely oblong, semi-oval, width a little 
greater than the length, a concave border nearly as wide as the 
glabella all around. Glabella in width less than ^ the width of 
the head, and in length a little more than f the length of the head. 
Basal lobes small. The transverse furrow marking the frontal 
lobe of the glabella is located a little in advance of the mid- 
length ; the tubercle is obscure and appears to be indicated by the 
small indentation in the middle of the transverse furrow. The 
cheeks are separated in front of the glabella by a furrow. 

The author doubtfully figures a pygidium of this species. It 
has a similar form to that of the head of A. canadensis with the 
concave border all around the margin. The axis is obtusely cla- 
vate, and marked with two joints. The posterior joint is large 
and convex, extending quite to the concave border, where it is 
full half as wide as at the furrow which divides the two joints. 
The tubercle is situated in the transverse furrow and makes a 
small indentation in the edge of the posterior joint. 

Local'ty, Point Levis, Quebec. 

Agnostus communis Hall and Whitfield, 1877. Plate ix, fig. 15. 

Diagnosis. — Head subparaboloid, wider than long. Surface 
strongly convex. Glabella nearly eciualing ^ of the width of the 
head ; anterior third separated from the posterior lobe by a faint, 
transverse furrow. Central part of the glabella ornamented by 
an elongated and angular tubercle. Dorsal furrow distinct. 
Cheeks separated in front of the glabella by a groove. Basal 
lobes triangular. Limb flattened. Thorax unknown. 

The pygidium with a flattened limb, which is ornamented with 
lateral spines. Surface strongly convex ; in the anterior half, the 
dorsal furrow being directed gently inward for half their length, 
and then suddenly deflected outward, with a slight curv^ature, be- 
coming obsolete a little behind the middle of the length. An 
elongated angular node marks the axis near its anterior margin. 
Surface of the head and pygidium smooth. 

Locality. White Pine, Nevada. 

This species is of the type Agnostus cyclopytje Tullberg. 

Ag.nostus roLORADENSis Shumard, 1861. Plate ix, fig. 16. 
The description was drawn from a single example found in 
Burnet county, Texas, near the mouth of Morgan's creek; the 
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author states that there is no fissure extending from the glabella 
to the anterior margin. The absence of this groove may be due to 
the state of presentation. This species agrees in every other re^ 
spect with A. neon. Agnostua neon differs from ^4. communis in 
minute points, especially in the absence of the tul>ercle on the 
glabella. 

A0NOSTU8 ORJON Billings, 1860 (cf. A. j)i«?yv>7-wn« Linne). 

Plate IX, fig. 12. 

DifignosiH. — Length and breadth about equal, sub-circular, con- 
vex, a very narrow margin all around. Glabella not quite jj^ the 
whole length, very convex*; a transverse furrow at one-third the 
length from the apex ; small triangular basal lobes without a median 
tubercle. Cheeks divided in front of the glabella by a furrow. 

Locality. Point Levis, Quebec. 

The same term was used by Barrande Id 1846 for a species of this 
genus. If this species differs from A, pisifarmisW is only in the absence 
of the median tubercle, which may be due to its state of preservation. 
There is a slight indication of the tubercle on one of my cabinet speci- 
mens from Point Levis. A pygidium from the same locality is similar 
to that of Agnmtus pisiformis. 

A0N08TU8 JOSEPHA Hall, 1863. Plate ix, fig. 17. 

DiaynoHis. — Head semi.elliptical, margined by a flattened or 
concave narrow limb; genal angles produced into short spines. 
Glabella prominent, narrow, extending about 5| the length of the 
head, and crossed by a shallow furrow near the anterior end. The 
posterior lobe is marked by an oblique furrow on each side; a 
small node on the summit at the anterior termination. The trian- 
gular space on each side between the transverse and oblique fur- 
rows is like- wise elevated into a low node. The posterior central 
portion is gibbous. The baral lobes small and triangular in form. 
Cheeks divided in front of the glabella by a furrow. Pygidium 
of the same form as the head. Axis prominent, subquadrate, 
wider than long, nearly ^ the length of the pygidium, bearing a 
node or short spine on its posterior extremity; sides and Ijody of 
the pygidium, outside of the axis, highly convex. 

Loctility, Trempealeau and elsewhere on the Mississippi about lake 
Pepin, Wisconsin. The species occurs with Anomocare wisconsensis and 
Ptycha»pt8 grnnnlom. 
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AoNOSTUs RicuMONDENSis Walcott, 1884. Plate IX, fig. 11. 
Diagnositf. — Head moderately convex, length and breadth equal. 
Glabella f the length and a little more than ^ as wide at the base 
than the width of the head; elongate, conical in outline, 
strongly defined by the dorsal furrows, with the anterior third 
separated by a distinct transverse furrow; a little less than mid- 
way between this furrow and the posterior margin, a short furrow 
penetrates from each side towards the base of a minute tubercle 
situated on the median line. Basal lobes small, triangular. 
Cheeks more convex than the glabella, separated in front of the 
glabella by a furrow. Limb narrow. Surface ornamented by 
slightly irregular depressed lines that indent the surface from the 
margin nearly to the edge of the strong dorsal furrows. Surface 
smooth under an ordinary magnifying power. 

Locality. Prospect mountain, Nevada. 

This species is identical with Agnostus mnericanus Billipgs. 

AONOSTUS MALADENSis Mcck, 1873, alf. Agnoatiis josepha. 
The author proposes this name for a species from Malade City, 
Utah, which is closely allied to AgnostHs joHcplm Hall, except that 
the specimens do not exhibit the spines on the genal angles of the 
head; the author remarks '-none of which are in a condition 
to remove all doubt on this point." 

. Section LIMBATI. 
Agnostus bidens Meek. Plate x, fig. 5. 
Difignoftis. — Head moderately convex, slightly wider than long, 
bordered by a rounded margin with a strongly defined marginal 
groove. Glabella convex, narrow, more than '^ the length of the 
head, converging anteriorly, sub-angular in front; two oblique 
furrows posterior to the center enter from eoch side, and unite 
just in advance of a small node, on the center of an elevation, de- 
fined behind by a transverse furrow that bends backwards; be- 
tween this furrow and the occipital furrow a narrow band extends, 
widening out laterally, forming the basal lobes. Dorsal furrow 
distinct. Cheeks convex and sloping rapidly to the marginal 
groove from the somewhat elevated central portion. Thorax un- 
known. The pygidium is armed with lateral spines, and is 
strongly convex. Axis conical, extending more than f of the en- 
tire length, ornamented with an elongated, angular tubercle on the 
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anterior portion, with a transverse furrow just before it, separating 

a narrow anterior portion; in some examples a faint transverse 

furrow crosses back of the tubercle. Surface of the head and 

pygidium finely granulose. 

Locality, Gallatin City, Montana, also in the Eureka District of Ne- 
vada and elsewhere. 

Agnostus tumidosus Hall and Whitfield, 1877. Plate x, fig 8. 
Dhignoais. — Head highly dome-shaped in outline, slightly con- 
tracted near the occipital border, very convex. Liml> narrow, 
flattened. Dorsal furrow distinct. Glabella small, less than f 
as long as the head, conical and very convex, especiall}' tumid in 
the lower part ; the central tubercle marked near its edge by a very 
slight line which presents the appearance of a border surrounding 
it. Frontal lobe about \ of the length of the glabella. Basal 
lobes triangular and minute. Thorax unknown. The highly 
dome-shaped outline with the form and markings of the glabella 
distinctly mark this species. 

Locnlity, Eureka, Nevada. The species is .of the type A, quadratus 
Tullberg. 

Agnostits interstrictus White, 1874. Plate x, fig. 6. 

Diagnosis. — This species of the type A. fallux Linrs. is ellip- 
tical in form with a smooth surface. The head is broader than 
long. Limb narrow, forming a narrow linear depression between 
it and that portion of the head which it incloses. Glabella bilobed, 
conical, well defined by the dorsal furrows, and sharply rounded 
in front. A minute tubercle on the median line; near the poster- 
ior end; the frontal lobe is marked off by a shallow transverse 
furrow. Thorax of two joints, narrower than the head and 
P3'gidium, giving the body the appearance of being constricted at 
the middle. Axis broad, both its joints tumid at the ends, where 
they reach the dorsal furrows; lateral lobes very narrow, pleurae 
about as wide as long, each pleurae tumid and rounded at the ex- 
tremities. Pygidium in form like the head. Axis a little longer 
than the glabella, moderately convex, with a minute tubercle on 
the median line near the anterior end. Sides between the mar- 
ginal furrow and axis convex. The lateral angles of the pygid- 
ium are produced into sharp spines. The basal lobes of the gla- 
bella are very minute. 

Locality. Antelope Springs, Utah. 
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Section L^VIGATI. The dorsal grooves marking the glabella 

and axis of the thorax and pygidium, are wanting or faintly indi- 
cated. Crust smooth, sometimes with slight indications of striie. 
Limb on the head disappearing; on the pygidium it becomes broad. 
{AgnostHit hevigatus. Dalm., plate x, fig. 3). 

Agnostus DisPARiLis Hall, 1863. Plate x, fig. 15. 
Diagnosis. — Head semi-elliptical, convex towards the posterior 
side, and abruptly sloping in front; length and breadth nearly as 
3 to 4, a little concave on the posterior margin and marked near 
the edge by a narrow groove on each side of the middle ; the centre 
slightly elevated close to the margin. The limb is a little wider 
in front than at the sides. The pygidium (?) is a little wider than 
long. The trilobation extends nearly to the jiosterior extremity, 
and is separate<l from it only by a narrow border. The axis is 
fully once and a half as wide as the side lobes, somewhat flattened 
on the summit, and very distinctly limited b}' the dorsal furrows. 
The pygidium figured with this species may be that of the genus 
Microdiscus. 
Ix>mlity. Oseola Mills, on the St. Croix river, Wisconsin. 

Agnostus pari lis Hall, 18G3. Plate x, fig. 4. 
Diagnosis, — Head semi-elliptical; length and breadth about 
equal, very convex in the posterior part, and curving downwards 
to the anterior margin. The central portion of the posterior part 
is limited by a faint curving groove; and anterior to its limits 
there is a slight elevation, which may have a node on the surface 
of the crust. The posterior margin, just within the angles, is pro- 
duced in a minute node. The limb gradually expands from the 
posterior angles to the front, where it becomes well defined. The 
pygidium is slightly truncated at the anterior angles, the marginal 
rim narrower towards the articulating ))order. The central part 
is slightly more elevated and limited by furrows diverging from 
the anterior margin. On the median line, at a point ^ the length 
from the front margin, there is a distinct elongated tubercle. 
JjKality. Shores of lake Pepin. 

Agnostus prolongus Hall and Whitfield, 1877. Plate x, fig. 10. 
Diagnosis. — Head elongated, or very high dome-shaped in out- 
line. Surface depressed, convex in front and gradually rising to 
near the occipital border, where it becomes low, tumid. Glabella 
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•verj' indistinct, of conical form, with triangular basal lobes. Limb 
narrow, somewhat rounded, gradually fading out along the postero- 
lateral angles. Pygidium (?) much like the head, but much shorter 
in proportion to its width. The axis occupies more than ^ of the 
width, short and rounded, obconical, ornamented by a node in its 
upper end, and divided across b}' a doubl}' curved transverse fur- 
:row near the lower end. Dorsal furrows distinct. Limb flattened. 
Laeality. Eureka, Nevada. 

Section FALLACES. 
Agnostus 8ECLU8US Walcott, 1884. Plate x, fig. IG. 

Diagnosis. — Head strongly convex, a little longer than wide, 
with a slight contraction i>osteriorly. Limb uaiTow with a distinct 
groove between it and the cheeks. Dorsal furrows well defined. 
Basal loljes distinct. Glabella alwut half the length of the head, 
strongh' convex and sciuarely truncated in front; at alK)ut the an- 
terior tiiird a broad, short furrow penetrates on each side a short 
distance, and posteriorly a rounded node is separated from each 
lateral angle by slight furrows, forming the basal lol>es. The 
cheeks slope rapidly towards the marginal groove, on the sides 
And more gradually to the front. Surface finely granulose. 

Ixtcality. Secret Canon sbaleB, Eur»»ka District, Nevada. 

ASAPHUS ZONE. 

Section IV, ARTHRORHACHIS, type Agnostiii< tnrdns Barr. 
AoNosTrs (lALBA BilHugs, 18(55. Plate ix, fig. 6. 

The author describes in The Palaeozoic Fossils of Canada, Vol. 
1, 1865, p. 291, Agnostus gofha and A. faJnns from Table Head 
.and Pistolet bay, Newfoundland. Both these species are of 
Lower Siluric types, the first of Agnostus tardus Barr, and the 
•second of A. lent if arm Is Ang. The species 'appear with the gQW- 
ersL Asaph uSj If hvn us and Triarthrus fischeri^ etc. 

Diagnosis. — Head strongly convex. Limb narrow. Glabella 
convex, strongly elevated above the general surface, occupying 
al)OUt J of the whole length of the head. Smooth, no tubercle, 
but with slight indentations on each side, at about the mid-length. 
Dorsal furrows distinct. Basal lobes triangular. Pygidium in 
tcontour and convexit}', like the head. Axis strongh' convex, well 
defined all round by the dorsal furrows; a furrow runs all across 
At ^ the length from the apex ; a short one on each side at ^ the 
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length from the apex. The tubercle forms a longitadinal medio nr 
lobe in the anterior f of the axis. The tubercle is at the anterior 
margin, slightly elevated above the general convexity of the axis, it 
is less elevated just over the anterior pair of furrows, but behind 
this point it rises to twice the hight and terminates abruptly 
at the posterior furrow. The anterior lobes of the axis are dis- 
tinctly separated from the tubercle by a narrow groove; the 
second two are not. Surface apparently smooth, but with indi- 
cations of small wrinkles which unite with each other, so as to 
give a reticulated aspect, similar to that of A. r€ti<;filatHs Aug. 
The species differs from A. tardus Barr, in having a shorter axia 
in the pygidium, and in having the node of uniform hight its 
whole length. 

Agnostus fabius Billings, 18G5. Plate ix, fig. 10. 
Diagnosis. — Head semi-elliptical, uniformly and moderately 
convex. Limb very narrow. Glabella scarcely elevated above the 
general surface, not defined in front; obscurely so in the posterior 
half by the dorsal furrows, which are parallel, and disappear 
about the middle of the head. Basal lobes small, triangular. 
Pygidium slightly more elongated than the head. Limb narrow, 
fiat. Axis about ^ the whole width; it has two pairs of transverse 
furrows, the posterior reaching the median line, where there is a 
small rounded tubercle, located slightly behind the mid- length of 
the axis. The anterior furrows are half way between the tuber- 
cle and the front margin, their inner extremities separated by 
about one-third the width of the axis. 



STRIATION OF ROCKS BY RIVER ICE.* 

J. E. Todd, Vermillion, S. Dak. 

Sixty years ago the striation of rocks was commonly asoribed/ 
to the action of floating ice. For the past twenty-five years these 
same markings have as genenilly been referred to the action of 
land- ice. So much is this the case now, that careful discrimina- 
tions seem to be largely neglected. Very few observations have 
been reported, which are clearly referable to glacio-natant action.. 
While it is quite generally admitted that berg-fioe, or river-ice 

♦Published with approbation of State Geologist of Missouri. This, 
paper was read before the Iowa Academy of Sciences, Dec. 29, 1891. 
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may striate, cases are rare where they have been shown to do 
such work. 

Croll, in '^Climate and Time/' pp. 272-279, reviewing the ob- 
servations of Campbell and others about the gulf of St. Law- 
rence at various points, and along the St. Lawrenee and Ottawa 
rivers, concludes that floating ice does not striate. The only 
case he admits is one seen by Lyell at cape Blomidon, on the 
west side of the Basin of Mines, in a tidal channel where the 
conditions were similar, as we understand, to those in a river. 

Lyell, after searching diligently along the river below Quebec 
and at the falls of Montmorenci, concludes as follows: '^In none 
of these places were any long, straight grooves observable, and I 
feel persuaded that any degree of freedom of motion in the rocky 
fragments forced along by small pieces of ice, or by flood of 
water, would be ciuite incompatible with the mechanical effects 
exhibited in what are called glacial grooves." (Travels in North 
America, 1841-2, Vol. 2, p. 115). From his method of speak- 
ing, it seems that he may have found stria?, but he was not so 
much endeavoring to decide whether the ice Hcrntched the rocks, 
as to determine if it could imitate so-called glacial ynxjvirnj. 

Chamberlin, in his Rock Scorings of the Great Ice Invasion, 
doubtfully refers some scratches in western New York, to the 
agency of ice-bergs. (7th Annual U. S. CI. S., p. 106). 

Little has been published, so far as the writer has discovered, 
on striation by floating ice, and still less about the action of river- 
ice. It has been his privilege to gather several interesting facts 
which have the greater importance because of their rarity. 

Ten years ago, at Running Water, S. I). , I first saw stria? on 
chalk-stone a few feet above low water in the Missouri, so situ- 
ated that they could not be referred to glacial action, and to nothing 
ancient. The scratches were some of them 10 inches long, and 
bore S. 73° E. They are on the north side of the river at the 
foot of cliffs above the landing. 

A few seasons after, I found unusual scratches among the 
many referred to glacial action, near Sioux Falls, Dak. They 
were deeper and rougher, with tapering ends and upon a boss of 
rock, apparently eroded from the south instead of the north. 
They were only a few feet above the present Big Sioux, a few 
rods distant. The longest were about 10 inches long, their direc- 
tion, N. 57° W., i, ^'., parallel with the course of the river. 
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As both these localities were within the glaciated area, and es- 
pecially the latter, on the same level with stria* commonly re- 
ferred to the action of land ice, their origin remained undecided 
in my mind. 

I sought for light upon the problem at every opportunity, as 
on limestone ledges along the Platte and Missouri rivers, but in 
vain. 

During the past season, it was my privilege to visit Cape 
Girardeau, Mo., and Grand Tower, III., while employed on the 
geological surve}' of the former state. At Cape Girardeau, I 
found upon the ledges a little above low water, numerous scratches 
several inches long, having a direction S. 10-35° E., correspond- 
ing to the course of the river opposite. Here again there was 
doubt as to their origin, because although beyond the limits of 
extreme glaciation, it was not impossible that the}' might have 
been formed by anificial means, the slipping of pike or anchor, 
or the grazing of boats. They were near the main landing. 

The next day, I was rejoiced to find a much finer exposure of 
similar markings, alK)ut three miles above Grand Tower, on the 
east side of the river. Here everj'thing seemed to conspire to 
give an unequivocal affirmative answer to the question, whether 
river ice did ever striate rocks. 

There is there a hard, even-topped stratum of dark limestone, 
jutting from the ))ank several yards, and dipping at a slight angle up 
stream and toward the bank. The steep bank, upon it and ex- 
tending further up the stream, is faced with large sandstone 
boulders. The dip of the rocks is 4-6° E. NE. The principal 
seams of the rock are N. 10-12° E. The surface, which was 
quite generally planed and striated, was 1 feet wide on an aver- 
age, and ()0-75 feet long. The direction of most of the stri» 
was S. 10-11° W., and of a few, S. 18° W. The striated sur- 
face reached from the surface of the water up 2-3 feet above 
that level. A small patch toward the lower end was scratched 
S. 56° E. The stria? were, if anj-thing, more strictl}- parallel 
than in most glacial stria?. They were short, rarely more than 
three inches long. This was mainly due, it would seem, to the 
nodular and much cracked nature of the stone. One other pecu- 
liarity of the stone affected the form of the markings. Scattered 
through the rock were small black grains, as if of iron oxide. 
These usually headed the narrow ribs separating the stria?. 
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As if to leave no doubt, a long deep scratch, about four feet 
in length and about as high above the ledge, was made doubtless 
by the same agent, viz., river- ice, on the nearly vertical face of a 
large boulder. This was in the same direction as the stria? on 
the ledge below. 

The condition obtaining here and not in some of the other 
localities I had examined was the occurrence of numerous siliceous 
boulders at the river margin, a little up-stream from the ledge 
showing abrasion. 

After this demonstration of the efficiency of river-ice, I had no 
difficulty in ascribing the cases previously noted to the same cause. 
I would refer some, reported by others, to probably the same cause, 
viz. : Some reported to me by Prof. J. W. Spencer, as found at low 
water mark, at St. Louis, also some, reported to me some years 
since, by Prof. S. T. Trowbridge, from the vicinity of Glasgow, 
Mo. And less confidently those formerly seen and published by 
Dr. C. A. White, occurring at low water, at Omaha, Neb. 

Nor is the story complete, without adding an interesting case 
most recently observed, at Wellington, Mo. There, on a ledge 
near low water, not far from the depot, are a very few markings 
on a rough horizontal ledge of limestone. The patches striated 
were in each spot less than three inches across, but the markings 
, in each were parallel to one another. In the first spot the direc- 
tion was S. 45° E., on a surface dipping 4-5° to E. In the direc- 
tion of the strite and 14 inches away was another patch, level^ 
and striated S. (11° E. ; and following that direction 18 inches, a 
patch sloping upward and striated S. 77° E. was found. Possi- 
bly this was all done by one floating block. 

The foregoing observations, seem to me to warrant the follow- 
ing conclusions: 

1. Planation and striation are sometimes the work of river- 
ice, armed with erratics. 

2. The localities most favorable for this phenomenon seem to 
be, on the outside of a bend, or near a strong current, near low 
water mark, and below a point where siliceous erratics lie near the 
water level. 

3. The dynamical conditions necessary are probably a sudden 
breaking up of the ice. before it is rotted by thawing, and with a 
flood to wield it. This, however, is largely conjectural. The proper 
conditions do not often occur in our present western streams. 
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4. Usually the stria? are parallel, as much so as in glacial 
action, and commonly on surfaces dipping up stream, but occa- 
sionall}' upon limited areas dipping down stream. 

While these facts may have no direct significance of practical 
value, they indirectl}' throw much light upon the i)ossible origin 
of the extra-morainic drift, and of some ancient striated sur- 
faces outside of. the moraines. 



EEYIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Bulletin of the Oeologiml Society of Amerien, Proceedings of the Summer 
Meeting held at Washington, August 24 and 25, 1891. H. L. Fairchild, 
Secretary. Vol. iil, pp. 1-152; issued March 9, 1892. 

A fine portrait of Prof. Alexander Winchell, the deceased president of 
the society, forms the frontispiece of this brochure, which contains a 
memorial sketch of him by his brother, Prof. N. H. Winchell. 

Many papers that were read at the meeting, a considerable number of 
them being by foreign geologists who attended the International Geolog- 
ical Congress, are presented, either entire or in abstract, IncludiDg notes 
on a geologic map of South America, by Dr. Gustav Steinmann, of Frei- 
burg, Germany; Thermometamorphism in Igneous Rocks, by Alfred Bar- 
ker, of Cambridge, England, discussing a great volcanic series of Ordo- 
vician ag»? in the English Lake District; The Plant-bearing Deposits of 
the American Trias, by Lester F. Ward, these deposits in the Connecti- 
cut valley, in New Jersey and Pennsylvania, Virginia and Marjiand, 
North Caroline, and New Mexico and Arizona, being all referred to the 
upper Keuper, near the summit of the Triassic system; Studies in Prob- 
lematic Organisms — the genus Scolifhux (with numerous figures in the 
text), by Joseph F. James, who regards these worm-burrows as valueless 
for correlations; The Tertiary iron ores of Arkansas and Texas (with a 
map), by K. A. F. Penrose, Jr., who concludes that the limonite ores as 
now found are the products of the oxidation of original iron carbonate 
and sulphide; Sandstone Dikes in northwestern Nebraska (with illustra- 
tions in the text), bj' Robert Hay; The Eurypterus beds of Oesel as com- 
pared with those of North America, by Dr. Friedrich Schmidt, of St. 
Petersburg, Kussia; On the marine beds closing the Jurassic and open- 
ing the Cretaceous, with the History of their Fauna, by Prof. Alexis 
Pavlow, of Moscow, Kussin; Quaternary Changes of Level in Scandinavia 
(with a map), by Baron Gerard de Geer, of the Geological Survey of 
Sweden (see the Geologist, Oct., 1891, p. 236); The *'Black Earth" of the 
Steppes of southern Russia, by Prof. A N. Krassnof, of Clarkow, Russia, 
a most interesting comparison of the cherfhzem with the black prairie 
oil of the Missi*«/ppi basin; On the existence of the Dinotherium in Rou- 
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mania, by Prof. Gregoire Stefanescu, of Bucharest, Roumania; The Eheo- 
Jite-Syenite of Beemerville, New Jersey, by James F. Kemp; Notes on 
the Texas-New Mexican region, by Robt. T. Hill, an admirable paper 
describing: (1) the Lafayette formation of gravel, sand and silt, rang- 
ing in altitude up to 5,500 feet and averaging 200 feet in thickness, on 
the Llano Estacado, the Edwards Plateau, and the Washington Prairies, 
(2) Lafayette and Columbia fluvial and lacustrine beds, ranging together 
to thicknesses of 500 to 1,000 feet, in basins of western Texas and New 
Mexico, surrounded by faulted and tilted mountain blocks, and (3) vol- 
canic areas of eastern New Mexico, having lavas which overlie these late 
Tertiary and Pleistocene formations; The Relations of the American and 
European Echinoid Faunas, by J. W. Gregory, of the British Museum of 
Natural History, concluding that these continents have been so united at 
times during the Miocene and Pliocene periods as to permit their echin- 
oid faunas, before widely different, to become closely related, in a man- 
ner "wholly incompatible with the theory of the perm<inence of the great 
ocean basins;'' The Missouri Coal Measures and the Conditions of their 
Deposition (with a map and seven ideal sections in the text), by Arthur 
Winslow; The Pelvis of a Megalonyz and other bones from Big Bone 
Cave, Tennessee, by James M. Safford (see the Geologist, Oct., 1891, p. 
232); The Cienegas of southern California, by Eugene W. Hilgard, de- 
scribing alluvial fans of gravel, sand, and silt, which become reservoirs, 
with springs issuing on their lower portions and producing spots of ver- 
dure (cienegas) in otherwise arid tracts; The Chattahoochee Embayment, 
=by Lawrence C. Johnson, describing Tertiary and Quaternary formations 
in western Florida; Peculiar geologic processes on the Channel Islands 
of California, by Lorenzo G. Yates; Inequality of Distribution of the 
Englacial Drift, by Warren Upham (see the Geologist, Oct., 1891, p. 239); 
Effects of Drought and Winds on Alluvial Deposits in New England, by 
Homer T. Fuller (1. c, p. 289); and A Deep Boring in the Pleistocene 
near Akron, Ohio, by E. W. Clay pole (1. c, p. 239). 

Three papers read at this meeting are printed in separate brochures, 
namely, Preliminary Notes on the discovery of a Vertebrate Fauna in 
Silurian (Ordovician) strata <pp. 153-172, with three plates, issued March 
15, 1892), by Charles D. Walcott, describing remains of placoderm fishes 
in Lower Trenton strata at Canyon City, Colorado; Certain extra-morainic 
Drift Phenomena of New Jersey (pp. 173-182), and On the northward and 
eastward extension of pre-Pleistocene Gravels of the Mississippi Basin 
Xpp. 183-186), both by R. D. Salisbury, issued March 31, 1893 (see the 
Geologist, Oct., 1891, p. 238). 

The Ldbrador Coast: A journal of two summer cruises to that region^ tcith 
notes on i*s early discovery^ on the Eskimo, on its Physical Geography^ Geol- 
ogy, and Natural History. By Alpiieus Spring Packaud. pp. 513; with 
many maps and illustntions. (New York: N. D. C. Hodges, publisher, 
1891). This volume well presents nearly all that is kuown concerning 
the geography, geology, fauna (both of land and sea), and flora of Labra- 
dor. The author's observations and discussion of the glacial phenom- 
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ena are especially valuable. Several of the maps, based largely on 
explorations by the Moravian missionaries, have been drafted for this- 
work and are superior to any previously published. 

Exploration on Grand Eiva-j Ijdbradar, By Austin Gary. (Bulletin^ 
Am. Geog. Soc, Vol xxlv, pp. 1-17, with a map; March 31, 1892). The 
Bowdoin College expedition in 1891 to the falls of the Grand river in 
Labrador, of which a brief narrative is given in an appendix of Prof. 
Packard's volume, is here more fully reported. The largest fjord of 
Labrador, about 150 miles long, known as Hamilton Inlet, terminating In 
lake Melville, receives at its head the Grand river. The distance along 
the river from its mouth to the falls is nearly 300 miles. For nine miles- 
next below the falls the rivt>r runs in a narrow postglacial cailon, 300 feet 
deep close to the falls and 800 to 1,000 feet deep at its lower end, where 
it opens, like the gorge below the falls of St. Anthony on the Mississippi, 
into a wide prefflacial valley, whose upper part is occupied by a compar- 
atively small tributary. The cafiou is eroded in the hardest crystalline 
rocks, which form a plateau in that region about 2,000 feet above the sea; 
and the amount of its erosion, as of the gorges below Niagara and the 
falls of St. Anthony, affords a measure of the length of postglacial time. 
The vertical fall, probably due to systems of joints in the rocks, was esti- 
mated by Mr. Gary to be somewhat less than 200 feet, but has since been 
more reliably d-termined to be about 300 feet. Strong rapids extend 
several miles both below and above the falls. 

On tlw Ostetdogy of Mesohii)pu.i>i (itid Leplo)uery.i\ with ObHercations on tJie 
Modea and Facton^ of E isolation in the Mammalia. By W. B Scott. (Jour- 
nal of Morphology, Vol. v. No. 3, pp. 104, with two double plates and 
nine figures in text). 

This is a worthy sequel to the admirable memoir on P<ehrotherium by the 
same author, briefly noticed in the November numl)er of the GEOiXHiiST. 

The first 41 pages are occupied with a study of Mesohippus in its rela- 
tions to existing equine forms. 

The typical species of this genus J/, hairdii, first referred by Leidy,. 
its describer, to the genus Pala^othtrium and later to Anc.hitlieriuin^ has 
usually been referred to the latter genus, but, as has been shown by 
Scott*, belongs, by the nou-invaginate enamel of its incisor teeth, to an- 
other genus, for which he has retained the name, Mcsohippus. The genus 
Mesohippus, originally proposed by Marsh on characters which, so far as 
different from those of Anchithcrium^ are of merely specific value, is thua 
saved litendly *'by the skin of its teeth." 

Of the two genera, Anchitherium and Me«ohippu8, the latter is regarded 
as the more primitive form, and it is ((uestioned whether the former 
genus be in the line of eijttine descent and whether it do not rather form, 
a side branch. 

After a detailed d**scription of the parts of the skeleton, a full-page 
restoration is given, in connection with which Prof. Scott remarks: "The 
successive generi of the horse species show for the most part a steady^ 

Srifnrt. Vol. vn. 
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increase in size from the tiny Hyrncotherium of the Wasatch Eocene to 
the great animals of Post-pliocene times. Mesohippus, however, has 
not reached a large stature, advancing beyond its Bridger predecessor^ 
Pachyn4)lophu8, much less in regard to size than in morphological differ- 
eatiation; the larger species of the Bridger genus are but little inferior in 
this respect to the smaller species of the White River form. In spite of 
its comparatively high degree of differentiation, Mtsohippus was a very 
small animal compared with the recent horses, about the size of the New- 
foundland dog. The skeleton is essentially like that of existing Eqvidce 
in character and appearance, but presents many striking points of differ- 
ence.'' Some of these points are as follows: MeaohippuB as compared 
with Equus is characterized by its smaller skull, shorter face, larger and 
more anteriorly and inferiorly placed, posteriorly open orbits, its less 
massive, less opisthocd'lous, cervical vertebra?, differently shaped odon- 
toid process, long and well arched back, less flattened ribs, its slenderer 
limbs and decidedly greater length of hind-limbs relative to fore-limbs 
than in Equus, its complete though slender ulna, its functionally devel- 
oped second and fourth metapodials and splint-like metacarpal I. 

Concluding this part of his paper, the author observes: **There are 
thus many points of difference as regards the proportionate development 
of the various parts of the skeleton, between Mf ohippiia and Ef/uns, and 
these divergences, more especially the smaller and differently shaped 
head and the very slender tridactyl feet, give to the older type quite an- 
other ph\8iognomy than that of the recent representatives of the group, 
even without taking into consideration its very much smaller size* 
Nevertheless, no one can examine the skeleton of the Miocene genus 
without being struck by Its essentially equine nature; In the teeth alone 
is the fundamental similarity of plan not apparent at the first glance > 
though even here a careful examination reveals the connection very 
clearly. This similarity extends also to the earlier members of the equine 
series, for Ilyrdcotherium from the lower Eocene belongs as unmistakably 
to this line as do any of the later genera. Indeed, one of the most strik- 
ing features of this phylum is the way in which its essential features, 
and even many apparently insignificant details, are, as It were, sketched 
out In very early times and then gradually elaborated, without deviation 
and without retrogression, until the final term of the series Is reached.'* 

In the second section of the contribution, nineteen pages are devoted 
to an account of the genus Leptomeryx^ including description of nearly 
all of the skeleton with a restoration of L. evann J eldy, and a discus- 
sion of the problem of the systematic position of the genus. It is found 
that in twenty-seven characters that especially mark the tragulines, 
Leptomeryx agrees with them In twenty-one, presenting on the other hand 
six more or less Important points of relationship to the Pecorn, 

Boas' view that the tragulines are a group of simplified ruminants de- 
rived from typical members of that series, by which Leptomeryx would be 
considered one of the direct ancestors of the tragulines, is rejected, and 
It is considered probable that "Leptomeryx Is a side-branch of the trag- 
uline stem given off before the extreme concentration of the tarsus char- 
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acteristic of existing members of that stem bad been acquired, and which 
has paralleled more or less exactly the characters of the Pecora in certain 
particulars; e. g^ the condition of the auditory bullae and the constitution 
of the posterior cannon-bone.'' 

The remainder of the paper consists of two discussions: one **On the 
mode of evolution in the Mammalia,*' the other '*0n some factors in the 
evolution of the Mammalia." 

The tirst of these is concerned chiefly with the paleontological evidence 
for parallel and convergent evolution. The evidence seems quite con- 
clusive that both modes have obtained, and *it follows with great proba- 
bility that many geaeric groups are not real expressions of relationship, 
but artificial assemblages of similar forms." The author points out the 
fallacy of Huxley's dictum that "it is more important that similarities 
should not be neglected than that differences should be overlooked." 
The evolution of the types selected for study, though with some fluctu- 
ation, is comparatively direct, and the plasticity of mammals is believed 
to show marked limitation. '*In every formation, the majority of species 
appear to die out without leaving any successors behind them, and too 
early a specialization would seem to \ye fatal to the perpetuation of a 
group. With rare exceptions the progenitors of permanent lines seem 
to be those forms which have not strayed too far in any direction from 
the Eafe middle course." 

To the general rule that among mammals differentiation is by reduc- 
tion in the number of parts, exceptions are noted; and the probability is 
indicated that evolution does not always proceed at a uniform rate. 

The part '*0n some factors in the evolution of Mammalia" deals chiefly 
with Weissman's theorj' of heredity and the "dynamic theory." While 
commending the former as having called renewed attention to funda- 
mental questions, the author does not accept it, considering that it con- 
fuses, rather than explains, the i)henomena of heredity. The "dynamic 
theory," on the other hand, though presenting a difficulty In understand- 
ing how changes in the periphery can modify the germ-plasm in such a 
way as to reproduce the new characters in the offspring, is regarded as 
much more consistent with the data of palaeontology. 
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//. ProcioUngn of Scientific Socittiet. 

Proceedings of the Colorado Scientific Society, Vol. iii. Part in, 1890, 
contains: Identification of Dinosaurs from the Denver Group, by Geo. 
L. Cannon, Jr: A Remarkable Crtstalline Compound of Arsenious and 
Sulphuric Acids, by Richard Pearce; Iron-Ore Beds In the Province of 
Santiago, Cuba, by F. F. Chisholm: Gold Deposits in the Quartzlte For- 
mation of Battle Mountain, Colorado, by F. Guiterman; Geology of the 
Rosita Hills, Custer Co., Colorado, by Whitman Cross: Fulgurite from 
the Spanish Peaks, by R. C. Hills; On the Nature of the Chemical Ele- 
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ments, by Chas. S. Palmer; The Geology of Perry Peak, Colorado, by 
<3reo. L. Cannon, Jr.; A Boulder County Mine, by John B. Parish; Colum- 
bite and Tantalite from the Black Hills, S. D., by Wm. P. Hehdden; 
Notes on the Discovery and Occurrence of Tin Ore. in the Black Hills, 
8. D., by Wm. P. Headden; On the Quartz Porphyrj- of Flaustaff Hill, 
Boulder Co., Colorado, by Chas. S. Palmer and Henrj' Fulton; Orographic 
•and Structural Features of Rocky Mountain Geology, by R. C. Hills. 

Proceedings of the Rochester Academy of Science, Vol i, Brochure ii, 
contains: Notice of a New Meteorite from Louisa Co., Va., by E. E. 
Howell; Analyses of Kamacite, Ta^nite, and Plessite from the Welland 
Meteoric Iron, by J. W. Davison; A Section of the Strata at Rochester, 
N. Y., as shown by a Deep Boring, by H. L. Fairchild; On the Separa- 
tion and Study of the Heavy Accessories of Rocks, ly Orville A. Derby. 
. Journal of the Elisha Mitchell Scientific Society, eighth year, 1891; 
part second, contains: Occurrence of Zirconium, by P. P. Venable; 
Magnetic Iron Ores of Ashe Co., N. C, by H. B. C. Nitze; The Occur- 
Tence of Platinum in North Carolina, by F. P. Venable. 

///. Papers in Scientific Journals, 

The Canadian Record of Science, Vol. iv. No. 8, contains: Description 
of a new Species of Panenka from the Cornlferous Limestone of Ontario, 
by J.F. Whiteaves; Notes on the Occurrence of Paucispiral Opercula of 
•Gasteropoda in the Guelph Formation of Ontario, by J. F. Whiteaves; 
Note on Leptoplastus, by J. F. Matthews; Notes to Accompany a Tabula- 
tion of the Igneous Rocks, based on the System of Prof. H. Rosenbusch, 
by F. D Adams; A Note on the Collection of Sediments in Potable 
Waters,by R.F. Ruttan; Short Notes on some Canadian Minerals, by W. 
F. Ferrier. 

The Ottawa Naturalist, Vol. v, No. 9, Jan. 1892, contains: Inaugural 
Address: The Work of the Geological Survey of Canada, by R. W. Ells. 

The Geological Magazine, Vol. ix, No. 1, Jan, 1892, contains: The 
Lower Devonian Fish Fauna of Campbellton, New Brunswick, by A. 
Smith Woodward; On the Crystalline Schists of the Lepontine Alps, by 
Dr. F. M. Stapff;The Fauna of the Olenellus Zone in Wales, by H. Hicks; 
Jleade's Theory of Mountain Building, by A.J. Jukes-Browne; On Xan- 
thidin in the London Clay, by E. W. Wetherell. 

Feb. No. contains: Note on an Iguanodont Tooth, by E. T. Newton; 
Note on a New Species of Onychodus, by E. T. Newton; New 
Hyaline Foraminlfera from the Gault, by F. Chapman; Absence of 
Glaciation in Western Asia and Eastern Europe, by H. H. Howorth; On 
Certain Highland Gneisses, by George Barrow; Continuity of the Kella- 
ways Beds near Bedford, by A. C. G. Cameron; Nature's Manufacture of 
■>Serpentine,by Maj.-Gen. MacMahon; Reply to Prof Blake, by S. S. Buck- 
man. 

Mar. No. contains: The Coniston Limestone series, by J. E. Marr; On 
the formation of Landscape Marble, by H. B Woodward; On the Hirnant 
Limestone, by L. W. Fulcher; On the Flexibility of Rocks, by G. W. 
•Card. 
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lY, ExcerpU and Individual PubliMtions. 

Od the Occurrence of Diamonds in Wisconsin, by Oeo. F. Kunz. From* 
Bull. Geol. 8oc. Am., Vol. 2. 

Farmington, Washington Co., Kansas Aerolite, by Geo. F. Kunz and; 
£. Weinschenk. From Am. Jour. Sci., Jan. 1892. 

Plea for the Life of the Geological and Mineralogical Survey of Texas, 
and review of the Charges Preferred against Prof. E. T. Dumble, State- 
Geologist, by J. H. Herndon, 8vo., pp. 40. Austin, Sept. 1891. 

Notes on the Genus Acidaspis, by J. M. Clarke. Communicated to the 
State Geologist, [New York] Dec. 1890. 

Observations on the Terataspis grandis Hall, the largest known trilo- 
bite, by J. M. Clarke. Communicated to the State Geologist, [New York] 
Dec. 1890. 

Note on the Coronura aspectans Conrad (sp.), the Asaphus diurus, 
Green, by J.M.Clarke. Communicated to the State Geologist, [New 
YorkJ Dec. 1890. 

The Discovery of Clymenia in the fauna of the Intumescens-Zone 
(Naples Beds) of Western New York, and its Geological Significance, by 
J. M. Clarke From Am. Jour. Sci., Jan. 1892. 

A Section of the Strata at Rochester, N. Y., as shown by a Deep Bor- 
ing, by H. L. Fairchild. From Proceed. Rochester Acad. Sci., Vol. i, 
1891. 

Reports on Short Excursions made by the Geological Department of 
the University during the autumn of 1891, by Geo.H. Williams and Wm. 
B. Clark. In Johns Hopkins University Circulars, Feb. 1892. 

The Ward Collection of Meteorites, pp. 75, liochester, N. Y. 

The Filling of Mineral Veins, by J. F. Kemp. From School of Mines 
Quart., No. 1, Vol. xiii, Nov. 1891. 

Theory of an Intorglacial Submergence in England, by G. Frederick 
Wright. From Am. Jour. Sol., Jan. 189.'. 

The Basic Dikes Occurriug Outside of the Syenite Areas of Arkansas, 
by J. F. Kemp. From Ann. Rep. Geol. Surv. Arkansas, Vol. ii, 1890. 

Height and Position of Mt. St. Elias, by I. C. Rursell. From Nat. 
Geog. Mag., Vol. iii 1891. 

Discovery of Cretaceous Mammalia; part in, by O. C. Marsh. From 
Am. Jour. Sci , Mar. 1892. 

Soil Investigations, by Milton Whitney. From Fourth Ann. Rep. 
Maryland Agl. Exp. Station. 

Association of Apatite with Beds of Maguetite, by W. P. Blake. From 
Trans. Am. Inst. Min. Eng., Feb. 1892. 

Contributions to the Early History of the Industry of Phosphate of 
Lime in the United States, by Wm P. Blake. From Trans. Am. Inst. 
Min. Eng, Feb. 1892. 

The Trap Dikes in the Lake Ctiamplain Valley and the Neighboring 
Adiroiidacks, by J. F. l^enip and V. F. ^larsters. From Trans. N. Y. 
Acad. Sci., Vol. xi, 18JI. 

A summary of Progress in Mineralogy and Petrography in 1891, W. S. 
Bay ley. From monthly notes in the American Naturalist. 
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Tertiary Mollusks of Florida, part ri, W. H. Dall. From the Trans. 
"Wag. Free Inat.. pp. 201-217, 1892. 

Parka decipiens. Notes on specimens from the collections of James 
Reid. Esq., of Allan House, Blairgowrie, Scotland, Sir William Dawson 
and Prof. D. P. Penhallow. Trans. Roy. Soc, Canada, Sec. iv, 1891. 

Glacial lithograph (from Guthrie*s geological collection); an imprint 
from a glaciated limestone surface, March, 1891. 

The Mother Maps of the United States, by Henry Gannett. From 
Nat. Geog. Mag., Vol. iv, Mar. 1892. 

Notes on Palieozoic Crust'icerp, No. 1 : On some new Sedalia Trilobites, 
by A. W. Vogdes. From Trans. St. Louis Acad. Sci., 1891. 

Artesian Wells and Water Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Rep. State Geologist of New Jersey for 1890. 
Trenton, 1891. 

A Review of Artesian Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Rep. State Geolo«rist of New Jersey for 1891. 
Trenton, 1892. 

Two Species of Trees from the Post-Glacial of Illinois, by D. P. Pen- 
hallow. From Trans Roy. Soc., Canada, Sec. iv, 1891. 

r. Foreign PuhlicatiojiH. 

Notes on Crystallites, by Frank Rutley. From Mineralogical Maga- 
zine, Vol. IX, No. 44. 

The Type Fossils in the Woodwardian Museum, Cambridge, by Henry 
Woods; 8vo, 180 pp., Cambridge, 1891. 

• 

Ecloga* Geological Helvetitiji*, Vol. ii, No. 5, Jan. 1892, contains: Allu- 
•yions glaciaires, par Du Pasquier. 

Verhandlungen der Naturforschenden Gesellschaft in Basel, Bd. ix. 
Heft 2, contains: Geologische Mittheilungen aus der Umgebung von 
Lugano, von C. Schmidt und G. Steinmann; Ueber eln zweites Vorkam- 
men von dichtena Vesuvian in den Schweizeralpeu, von C. Schmidt; 
Neuere Funde von fossilen Silugethieren in der Umgebung von Basel, 
von L. RUtimeyer. 

Die Quarzporphyre der Umgegend von Gross-Umstadt, von Christoph 
Vogel. From Abhandl der Geolog. Landesanstalt zu Darmstadt, Bd., ii, 
Heft 1, 1891. 

Sulla Fase Eruttiva del Vesuvio comunciata nel Gingno, 1891, di R. V. 
Matteucci, Napoli, 1891. 

Bulletin de la SociC*t(* G(?ologique de France, t. xix, Dec. 1891, contains: 
La Geologic f-t la Pal^ontologie du bassin houiller du Gard, par R. Zeil- 
ler; Note sur trois esp^ces du genre Sculpellum du Calcaire Qrossier des 
environs de Paris, par L. Bertrand; Note pr^liminalre sur les observa- 
tions g<*ologiques faites dans TAsie centrale, par Ch. Bogdanowitch; Sur 
quelques points de la g<?ologie des Corbl^res, par L. Carez; Note sur les 
terrains primaires de Merens, par J. Roussel; Note sur trois nouvelles 
B(^lemnites 8<inoniennes, par Ch. Janet; Sur le Cr<?tac<? supC'rieur des Pyr- 
^n^es occidentales, par Stuart-Menteath; Observations sur Tallure des 
couches dans des Pyr^'uees fran^aises, par J. Roussel; Sur les roches d 
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leucite de Tr^bizonde, par A. Lacroix; Notes sur quelques roches d'Ar- 
mC'Qie, par A. Lacroix; Note sur le genre Echinocyamm^ par J. Lambert; 
Surles notes ficeologiques de M. J. Seunes, par Stuart- Menteath; Sur 
Tattribution au Carbonif^re des schistes tl OWmmia du pays de Luchen, 
par Caralp; Sur les terrains quarternaires des environs de Tiaret, depart- 
ment d'Oran (Alg^rie), par J. Welsch; Note sur Torigine des gitescalam- 
inaires, par A. Lodin; Notice geologique et pal^ontologique sur le nature- 
des terrains traversi^s par le chemin de fer entre Dijon et Chalon-sur- 
Saone, par Parandler. 

Feb. No., 1892, contains: £)tudes s* rut igraphiques dans la region du Cap 
Gris-Nez, par Douvill6 et Rigaux; Observations sur la notede M. Stuart- 
Menteath intitul^e; Sur le Cretac^ superieur des P>T<?n<?es Occidentales, 
par J. Seunes; Reponse tl le note de M. Stuart- Menteath intitul<?e; Sur le 
notes de J. Seunes, par J. Seunes; Description de <ieux Crinoides nou- 
veaux du Di^vonien de la Manche, par D. P. (Ehlert; Remarques sur les 
gites de phosphate de chaux de la Picardie, par N. de Mercey; Notes re- 
cueillies au cours d'une exploration dans Tfle de Borneo, par M. Chaper; 
Relations stratigraphiques de Targile A silex, par G.-F. Dollfus; Note 
sur les conditions dans lesquelles s'est efTectu(> le depot de la craie dans 
le bassin anglo parisien, par Oh. Janet. 

Geology and Mineral Resources of the Upper Burdekiu, by A. Gibb 
Maitland. 4vo., 10 pp., with profiles and plate. 

The Geology of the Oooktown District, by A. Gibb Maitland. 4vo., 6 
pp., 3 colored plates. 

Coolgarra Tin Miues and Surrounding District, by A. Gibb Maitland. 
4vo., 6 pp., with profile and plate. 

Proceedings of the Philosophical Society of Glasgow, Vol. xxii, 1890- 
91, pp. 374. Glasgow, 1891. 

Foldtani Kozlony, xxi Kotet, 8-12 FUzet. Budapest, 1891. 

Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich, 36th 
Jahr, Heft 3 und 4. Zurich, 1801. 

Neujahrsblatt von der Naturforschenden Gesellschaft auf das Jahr,. 
1892, xciv. Zurich, 1892. 
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Rocks op the Niagara Age in Indiana.— In the March (1891) number 
of the American Geologist, page 178, the writer selected Saint Paul, De- 
catur county, as a typical locality for the state, giviug what was consid- 
ered to be a complete representation of the Niagara strata. Since then 
the writer has traced the rocks to the Ohio river and found the fossil lay- 
ers in the northern part of Jefferson county, on a little stream by the 
name of Big creek, to be a distinct bed and lower than any strata at St. 
Paul. This stratum consists of a calcareous shale from ten to fifteen feet 
in thickness; it immediately underlies the massive homogeneous quarry 
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bed of St. Paul, Harris City, Greensburg and Osgood. Tlie following is 
a connected section of the Niagara r«)cks of the state: 

No. 5. Bhie shale (The Waldroii fo>*!«il bedn, 10 feet). Seen on Mill creek, a short dis- 
tance above the point where it flows into Flat Rock. 

No. 4. Thinly laminated limestone ciiiarries at St. Paul, thickness 15 feet; containing 
PL^ocrinfiH fjemtniformiH S. A. Miller; P. ntobosm Ringneberg; "pear shaped crln- 
oid;""* Sfepkanocrintfs osgoode/miit S. A. Miller. 

No. -1. Cherty beds, containing thin plates of limestone in which are found the same fos- 
sils as in No. 8, thickness 15 feet, on Flat Rock, St, Paul. 

No. 2. Heavy laminated quarry rock, containing fossils in No. 3 but not in such profu- 
sion, the upper or "rtagginc" layers containing in addition cystids and large cephal- 
opods, Gyroceran elrodi \\ hite, Orthocf^rn* arm ntatum Sowerby. St. Paul, Greens- 
burg, Harris City, Osgood and on Big creek, Jefferson county. 

No. 1. Calcareous shale, thickness 15 feet. Seen on Bis creek, Jefferson c onnty, ccn 
tainlng large specimens of Curyocriims ornatmt^ Holi/cysfifes and Stephnnocrinuif 

It was also stated in the former paper that no Caryocrinus had been 
found in the state; several small species, which up to date are new, 
have been found at St. Paul, while bed No. 1 of above section contains 
Caryocrinus ornatus of enormous size, the hight of the calyx of one spec-^ 
imen seen being three inches. 

The following general observations may be made: 

In the northern part of the state only small species, such as Pisocrinus, 
have been found; at St. Paul the specimens are larger and a great num- 
ber of Swedish genera occur such as Callicrinus, Carpocrinus, etc., and 
small cystids, while at Greensburg and Harris City Stephanocrinus pre- 
dominates, and at Osgood the **pear shaped crinoid" reaches its greatest 
size. In the lowest bed, that on Big creek, Jefferson county, the cystids 
become enormous in size. 

Recently the writer has exchanged specimens with Prof. Gustaf Lind- 
strom, of Sweden, and finds that the corals of Sweden are nearer those of 
this lower bed than any other. Charles S. Beachlek. 

Crairfordscille, Ind.y May 12, 1892. 

Prizes Awarded by the Boston Society of Natural. History. — 
A grand honorary prize placed at the disposal of the Boston Society of 
Natural Historj' by the late Dr. William J. Walker '*for such investiga- 
tion or discovery as may seem to deserve it, provided such investigation 
or discovery shall have been made known or published in the United 
States at least one year previous to the time of award^' has been unani- 
mously awarded to Prof. James D. Dana. In recognition of the value of 
the scientific work of Professor Dana and in testimony of the society's- 
high appreciation of his services to science the maximum sum of one 
thousand dollars has been awarded. 

For the annual Walker prizes a first prize of one hundred dollars has 
been awarded to Baron Gerard de Geer, of Stockholm, for an essay enti- 
tled "On Pleistocene Changes of Level in Eastern North America,'' and 
a second prize of fifty dollars to Prof. William M. Davis of Cambridge for 
an essay on "The Subglacial Origin of Certain Eskers." 

May 2, 1892. Sam'l Henshaw. 

*The "pear shaped crinoid" has been figured by Mr. S. A. Miller in Advance sheets ot 
17th Indiana report as Bophocrinus howardi. 
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DRL.TA8 OF THE HUDSON AKD MoHAWK Valleys —The interesting let- 
ter in your last number (p. 844) by Mr. Taylor, and his able article in the 
American Journal of Science for March, give very clear descriptions of 
deltas in the Mohawk valley and of shore lines on the upper Laurentlan 
lakes, which he refers to the presence of the sea since the recession of 
the ice-sheet. While thanking him for the excellent descriptions of these 
deltas and shore lines, I wish to offer an altemtitive view, showing how 
the Hudson and Mohawk deltas may be well explalfted by a glacial lake, 
which seems to me to be the only explanation consistent with the com- 
plete absence of Champlain or postglacial marine fossils from these val- 
leys and from all the area of the great Laurentlan lakes. This explana- 
tion appeals to the receding continental ice-sheet as the northern and 
northeastern barrier of great glacial lakes in the northeastwardly descend- 
ing St. Lawrence basin, until the farther departure of the ice admitted 
the sea into the then depressed St. Lawrence and Ottawa valleys and 
basin of lake Champlain. These glacial lakes and the Champlain de- 
pression of the country northward have been demonstrated by the work 
of Gilbert, Chamberlin, Leverett and others. 

On what portion of the St. Lawrence basin did the ice-sheet continue 
latest as a barrier of lake Iroquois, the glacial lake fihich outflowed 
through the Mohawk valley, and afterward by the way of lake Cham- 
plain to the Hudson? This is answered by finding where the ice at the 
time of its departure was thickest upon the St. Lawrence valley, so that 
its latest movements were thence southwesterly toward the lake Iroquois 
and easterly toward the gulf of St. Lawrence; and this area, as shown by 
the directions of glacial stria? and transportation of the drift, was the 
vicinity of Quebec. 

When the ice blockade was removed, the northward depression of the 
land, which had been slowly rising (as I have shown in Bulletin, 6. S. A., 
vol. ii, pp. 258-265), was still sufficient to permit the sea to flow in where 
a great extension of lake Iroquois had previously existed. The incur- 
sion of the sea, at a somewhat lower level than had been held by the 
glacial lake, reached to the south end of lake Champlain, to the Thousand 
islands at the mouth of lake Ontario, and to Pembroke in the Ottawa 
valley, seventy-five miles above the city of Ottawa. To these limits the 
marine fossils of the Champlain submergence are present in beds of clay 
and sand overlying the till. Their maximum observed hight above the sea 
is 520 feet at Montreal, from which their upper limit declines southwest- 
ward to about 250 feet near the mouth of lake Ontario, southward to 
probably a less hight at the south end of lake Champlain, and eastward 
to zero in Nova Scotia. The frequent occurrence of Champlain marine 
fossils to tbeselimits shows the formerly much increased extent of the 
gulf of St. Lawrence; but on the other hand the absence of such fossils 
westward from the mouth of lake Ontario and in the Hudson and Mohawk 
valleys marks areas where the shore lines and deltas of former bodies of 
water are referable to glacial lakes, not to the sea. If a strait of the 
ocean had occupied the Hudson valley at the time of the Champlain 
submergence, tidal currents must have swept to and fro through the val- 
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ley, giving the most favorable conditions for the incoming of the marine 
fauna. 

The physical features of the deltas so well described by Merrill, Davis 
and Taylor along the Hudson and the Mohawk are all satisfactorily at- 
tributable to the presence of a glacial lake, which I have called lake 
Hudson -Champlain, dammed on the north by the retreating ice-sheet 
and held somewhat above the sea level by a greater elevation of the land 
at the mouth of the Hudson and southward. The submarine continua- 
tion of the Hudson river channel is submerged only 2u0 to 250 feet for a 
distance of nearly ninety miles southeastward from Sandy Hook, and I 
believe that this area during the Champlain epoch was a land surface 
across which the Hudson river outflowed from the glacial lake of the 
Hudson and Mohawk valleys, and later from lake Iroquois when the de- 
parture of the ice. east and north of the Adirondacks allowed these lakes 
to become United. 

A seesaw movement daring the Recent epoch, uplifting the land at 
the north and depressing it at the south, has given to the deltas of the 
Hudson and Mohawk their increase in altitude from south to north, and 
has raised the old sea shore at Montreal to a hight of more than 500 
feet; while the channel of the Hudson has been carried down so that the 
sea now sends its tide to Albany, the sinking of the mouth of the river at 
the Narrows having been at least 100 feet, according to Merrill, and the 
subsidence farther southward along the submarine channel probably 200 
to 800 feet. This movement Indeed appears to lie still continued on the 
New .Tersey coast at the present rate of perhaps two feet in a hundred 
years. Warren Upham. 

SomerviUCf Mass., May 9, lHi/2, 
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Report of a Committee on the Claims of Willard Glazier. 

8t. Paul, Minn., May D, 18J)2. 

To the E.reciitive Council of the JStafv Historical Society of Min- 
in not (I. 

The special committee appointed by you to consider tlie com- 
munication of Capt. Willard Glazier relative to his alleged dis- 
covery of the true source of the Mississippi river, has to report 
as follows: 

1st. His charts are hydrographic and to|X)graphic misrepre- 
sentations. 

2d. His claim that among his assistants were noted geogra- 
phers and expert engineers, is a lx)ld fiction apparently devised to 
mislead the cretiulous. 

3d. Many of his assertions are willful perversions of well 
established geographic and historic facts, and others betray a 
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gross, and in the light of his claims, culpable ignorance concern- 
ing the country sui rounding the head waters of the Mississippi. 

4th. In tone, Capt. Glazier's statements are discourteous to» 
this society and its representatives; to the faithful living engi- 
neers and explorers who preceded and followed him ; and a dis- 
honor to the memory of Morrison, Schoolcraft,, and Nicollet. 

5th. Throughout, Capt. Glazier, as on all other occasions 
when he has discussed this matter, seems by reason of vanity, 
and a desire for commercial profit to seek a cheap notoriety, the 
only thing in the light of real discoveries and explorations that 
is left to him. 

For the reasons cited, your committee would respectfully rec- 
ommend that the communication of Capt. Glazier be tabled as in 
every sense unworthy of your adoption. 

TT. H. Kirk, 
Signed 1 J. V. Brower, 

y N. H. WiNCIIELL. 

The Ohio Academy of Science, organized at Columbus, Dec. 
31, 1891, will hold its Summer or Field meeting, June 8 and 4, 
at Akron, in the valley of the Cuyahoga, the guest of the Akron 
Scientific club. The president is E. W. Claypole, and the secre- 
tary is W. R. Lazenby. 

The Wisconsin Ac.\i)emy of Sciences, Arts and Letters 
will have a field meeting at Green Lake, six miles from Ripon, 
Wis., June 2, 3 and 4, diversified by various scientific excur- 
sions, and by a literary program. Announcement is made by 
the secretary, Prof. W. H. Hobbs. 

Mr. Ge(>r(je H. Barton spoke on the evening of April 20th 
before the Boston Society of Natural History on the progress made 
during last year in his work for the U. S. Geological Survey in 
mapping the drumlins of Massachusetts. The number already 
mapped exceeds 1,100, and it is estimated that the whole number 
of these drift hills in the state is about 1,500. 

Prof. I. C. Russell, of the IJ. S. Geological Survey, has been 
appointed to the professorship of geology at the University of 
Michigan, long held by the late Alexander Winchell. 

The Legislature of the State of New York has appro- 
priated eighteen thousand dollars to carry forward the paleonto- 
logical work of the Geological Survey, providing for the publica- 
tion of Vol. VIII of the paleontology of the state; also five 
thousand dollars '*for the completion and publication of the geo- 
logical map of the state of New York,, under the supervision of 
the state geologist, and in co-operation with the director of the 
United States geological survey;" also two thousand dollars to- 
obtain records and specimens of the deep shafting by the Livonia 
Salt company. 
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